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OLD    AND    NEW. 


Beginners  in  Chemistry  are  liable  to  mncli  confusion  and  cni- 
barrasstnent  from  the  fact  that  there  are  now  in  nse  two  distinct 
Bystcmsof  Chemical  Notation  and  several  forms  of  K^nicnchiture. 

The  older  chemistry — the  cliemistry  generally  in  vogue  up  to 
1860,  and  still  employed  in  all  the  best  treatises  on  teclinical,  an- 
alytical, physiological  and  pliarmacentical  cliemistry — differs  from 
the  "  modern  chemistry,"  primarily,  in  so  far  jvs  nutation  is  con- 
cerned, in  the  use  of  different  atomic  weights  for  certain  elements. 
The  older  atomic  weights  employed  by  Englisli  wu'iters  were  de- 
cided upon  from  narrow  grounds,  and  somewhat  arbitrarily.  It 
having  been  found,  for  example,  that  water  contains  one  part  by 
weight  of  hydrogen  to  eight  parts  by  weight  of  oxygen,  the  atomic 
weight  of  oxygen  was  assumed  to  be  eiglit  times  that  of  liydrogen, 
and  water  was  assumed  to  consist  of  one  atom  of  each  element, 
and  liad  the  svmbol  HO  assiiirned  to  it.  Carbonic  oxide  was 
found  to  contain  six  weisjhts  of  carbon  to  eij^ht  weii^hts  of  oxv- 
gen,  and  being  the  oxygen  compound  in  which  the  least  quantity 
of  carbon  exists,  was  therefore  assumed  to  contain  one  atom  of 
each  of  its  elements,  and  six  became  accordingly  tlie  atomic 
weight  of  carbon.  Carbonic  acid,  witli  double  the  proportion  of 
oxygen,  was  considered  to  contain  two  atoms  of  oxygen  and  was 
written  CO,.  As  discovery  revealed  the  com])osition  of  bodies, 
their  atomic  weights  were  agreed  upon  with  reference  only  to  ap- 
parent simplicity  and  liarmony  to  what  had  been  previously  as- 
Bumc^d.  in  tne  absence  of  any  other  and  more  philGsoi)hical  crite- 
rion or  guide. 

The  atomic  theory  of  Dalton  was  and  still  is  philosophical,  be- 
cause it  gives,  in  a  certain  sense,  a  reason  for  the  laws  of  definite 
and  multiple  combination  ;  but  the  atomic  weights  he  and  his  sue- 
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ccssors  adopted  were  open  to  revision,*  the  simplicity  which  waa 
relied  upon  in  selecting  them  being  often  more  apparent  than 
real.  Thus  the  atomic  weight  of  carbon  was  taken  to  be  the 
smallest  quantity  of  that  element  which  would  unite  with  oxy- 
gen. Had  it  happened  that  carbonic  oxide  was  then  unknown, 
and  that  carbonic  acid  was  believed  to  be  the  lowest  oxide  of 
carbon,  the  atomic  weight  of  carbon  would  have  been  fixed  at  3, 
oxygen  being  8.  Or,  if  the  atomic  weight  of  carbon  had  been 
measured  directly  by  hydrogen,  in  the  lowest  hydride  of  carbon, 
marsli  gas,  assumed  to  be  CH„  the  result  would  also  have  been 
3.  We  see,  then,  evidently,  that  the  formerly  received  atomic 
weights  of  those  elements,  which  form  multiple  combinations, 
were  liable  to  be  multiples  or  divisors  of  the  truef  atomic 
wei2:hts,  and  were,  of  necessity,  thus  far  arbitrarily  chosen. 

The  discovery  that  the  volumes  in  which  gases  unite  bear  sim 
plo  ratios  to  one  another,  was  regarded  as  a  clue  which  might 
point  with  certainty  to  the  real  atomic  relations.  When  two 
volumes  of  water  vapor  are  decomposed,  there  result  two  volumes 
of  hydrogen  and  one  volume  of  oxygen.  Berzelius  did  not  hesi- 
tate to  oeclare  liis  belief  that  the  number  of  volumes  repre- 
sent the  number  of  atoms;  that,  accordingly,  water  is  a  com- 
pound ct  two  atoms  of  hydrogen  with  one  atom  of  ox3'gen ;  that 
its  formula  is,  therefore,  H,0 ;  and  that  the  atomic  weight  of 
hydrofijen  being  one,  that  of  oxygen  must  b©  sixteen,  or  doable 
what  Dalton  assumed. 

The  progress  of  science  has  gradually  brought  the  minds  of 
chemists  to  the  conviction  that  the  greater  number  of  the  old 
atomic  weights  must  be  doubled,  and  that  certain  formulae  must 
be  changed  accordingly.  To  this  result  not  only  the  "law  of  vol- 
umea,"  but  a  comparison  of  the  specific  heats  of  the  elements  and 
otlier  physical  considerations  have  contributed,  while  purely  chem- 
ical reasons  furnish  the  most  conclusive  arguments  in  favor  of 
the  change. 

The  fact  that  the  older  atomic  weights  and  nomenclature  have 
been  so  long  in  use  among  druggists,  physicians,  and  manufac- 
turer, and  tliat  so  vast  a  mass  of  chemical  literature  has  been 
written  in  accordance  with  them,  has  properly  enough  prevented 
their  sudden  abandonment.  The  greater  truth  of  the  modern 
chemistry  must  ultimately  compel  its  adoption  with  more  or  less 
modifications.  For  the  present  it  is  important  that  the  student 
become  familiar  with  both.  This  familiarity  can  readily  be  ac- 
quired by  practice  in  trafislating  the  older  symbols  into  the  newer, 
and  the  reverse,  by  aid  of  the  rules  to  be  found  below. 

In  modern  chemistry  the  idea  of  quantivalence  or  atom-fixing 
power  serves  a  very  important  part.  Those  elements  which,  like 
chlorine,  unite  with  hydrogen,  volume  for  volume,  i.e.,  atom  foi 

"  lD(lcx)endeiitl7  of  errors  in  their  detcrmiiiation  as  combining  weighta. 
f  A8Riiming  the  Atomic  Theory  to  be  nu  expression  of  Sact, 
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atoiti^  nave  heen  termed  monads,  or  liavi  been  characterized  as 
nnivaletit  (one-value)  elements.  Those  elements  which,  like 
oxygen,  combine  witli  twice  their  volume  (or  two  atoms)  of 
hj'drogen  or  other  monad  radical,  are  dyads,  and  are  spoken  of  as 
bivalent  (two-value)  radicals.  Triads,  tetrads,  pentads,  and  hexads 
are  elements  (or  radicals)  which  unite  re6pectivel3"with  three, 
four,  five,  and  six  times  their  (gaseous)  volume  of  hydrogen  or 
analogous  monads,  and  to  wliieh  apply  respectively  the  adjective? 
trivalent,  quadrivalent,  quinquivalent,  and  sexivalent. 

Those  elements  whose  quantivalence  is  expressed  by  an  odd 
number,  1,  3,  5  or  7,  are  collectively  termed  perissads,  and  those 
which  unite  with  an  even  number  of  atoms  of  hydrogen  ur 
chlorine  are  designated  artiads* 

The  following  table  gives  the  two  systems  of  atomic  weights, 
the  older  following  the  symbol  printed  in  Roman  type,  and  the 
newer  that  printed  in  Ital/cs. 


PERISSADS. 


irOKAD& 

Hydrogen, 

Chlorine, 

Bromine, 

Iodine, 

Fluorine, 

Lithium, 

Sodium, 

Potaasium, 

Rubidium, 

Caesium, 

ThaUium, 

Silver, 

muDS. 

Boron, 
Gold, 

pBsrrADflL* 

Kitrogen, 

Phosphorus, 

Arsenic, 

Antimony, 

Bismuth, 

Yanadinm, 


OT.O  AND  XEW 
ATOMIC  WBIUim. 


H  = 
CI  = 
Br  = 
I  = 
F  = 
Li  = 
Na  = 
K  = 
Rb  = 

C8  = 

Tl  = 
Ag  = 


1 

85.5 
80. 
127 
19 
7 
23 
89 

ai4 

133 
203 
108 


B=    11 
Au  =  190 


N 

rr 

14 

P 

=3 

31 

As 

zr 

75 

Sb 

= 

123 

Bi 

=z 

210 

V 

^Zb 

51.3 

ABTIADS. 


I)TAD& 

Oxygen, 

Sulphur, 

Selenium, 

Tellarium, 

Calcium, 

Strontium, 

Barium, 

Misrcuiy, 

Copper, 

Lead, 

Cadmium, 

Zinc, 

Magnesium, 

TTTRADB. 

Carbon, 

Silicon 

Titanium, 

Tin, 

Aluminium, 

Platinum, 

Palladium, 

HEX  ADS. 

Chromium,      Cr 

Monganene,     Mn 

Iron, 

Kickel, 

Cobalt, 

Uranium, 


OTiD 
AT.  WTS. 


NKW 
AT.  YTTS. 


O 

s 

Se 

Te 

Ca 

Sr: 

Ba 

Hg 
Cu 
Pb 
Cd 
Zn 
Mg: 


C 

Si 

Ti 

Sn 

Al 

Pt 

Pd 


8 
16 


0 


39.5 

Se 

64 

Te 

20 

Ca 

43.75  Sr 

68.5 

Ba 

100 

ug 

31.7 

Cu 

103.5 

Pb 

50 

Cd 

32.5 

Z)i 

2 

Mg 

6 
14 
25 
59 


C 

Si 
Ti 
Sn 


13.75  Al 
98.94  Jt 
63        Pd 


16 

32 

79 
128 

40 

87.5 
137 
200 

63.4 
207 
112 

65 

24 


12 

28 

50 
118 

27.5 
197.88 
106 


9.5 
59.4 
Molybdenum,  Mo  =  46 


Fe 
Ni 
Co 


20.25    Cr  =    52.5 
27.5     Mn  - 
28        Fe   = 
29.5    m  = 


Co 
U 
Mo 


55 
56 
59 
59 

118.8 
92 


*  Chemists  are  not  agreed  as  to  the  quantnTalenoe  of  various  elements.  Some 
regard  sulphur  as  a  hexad,  and  others  put  down  iron,  cobalt,  and  some  other 
metals  as  dyads.  Wanklyn  considers  so^lium  to  be  a  triad.  The  distinction  be- 
tween perissads  and  artiads  is  more  absolute,  but  certain  elements,  especially 
Vanadium  and  Uranium,  may  be  pai.  \n  tK)th  groups. 


It  will  be  Been  from  the  above  table  that  the  atomic  weiffhts  ol 
the  so-called  perissad  elements,  including  the  monads  hydi-Ofijen, 
chlorine,  and  the  members  of  its  group,  the  alkali  metals,  thallimn 
and  silver,  the  triads  boix)n  and  gold,  and  the  pentads  nitrogen, 
etc.,  including  bismuth,  have  the  same  atomic  weights  in  the 
newer  chemistry  as  have  been  so  long  used  in  the  older. 

On  the  contrary,  the  artiad  elements,  viz.,  the  dyads  oxygen, 
sulphur,  selenium,  tellurium,  and  the  alkali  earth-metals ;  the 
tetrads  carbon,  silicon,  titanium,  tin,  and  the  remaining  metallic 
elements  wliich  are  dyads,  tetrads,  or  hexads,  have  double  the 
atomic  weights  in  the  new  system  which  they  had  in  the  old. 

To  convert  the  old-system  forraulsB  into  corresponding  values 
of  the  new,  the  following  rules  are  indicated  : — 

1.  Comjxmnds  of  perissad  elements, — The  symbols  of  compounds 
of  perissad  elements  are  ordinarilj'  alike  in  both  systems,  and  their 
values,  expressed  by  the  atomic  weights  of  the  old  system,  or 
by  the  molecular  weights  of  the  new  system,  are  the  same 
in  both,  viz. : — 


ATOMIC  WKIGHT.         MOLBCULAll  WF.rOOT. 

OLD  SYSTEM.                    NK\V  SVSTKJI. 

8TMB0L8. 

HCl 

86.5 

NH, 

17 

PCI, 

208.5 

BF. 

68 

If  the  newer  symbols  are  unlike  the  old,  the  latter  and  their 
values  are  multiplied  to  make  the  new.  Some  chemists  cJiange 
the  symbols  of  the  liquid  and  solid  phosphides  of  hydrogen. 
viz.: — 

OA8.  AT.  WT.         LIQUID.  AT.  W"T.       SOLID.  AT.  "WT. 

Old  system. H,P  84      :     H,P  33    :     UPa  63 

MOL.  WT.  MOL.  WT.  MOL.  \tt* 

New  system ir,P  84      :    H^Ps  66    :    H.P^  126 

2.  Cmrvpounds  of  artiad  elements.  — The  symbols  of  compounds 
of  artiad  elements  are  commonly  alike  in  both  systems,  but  in 
the  new  system  the  values  are  double  those  of  the  old. 


ATOMIC  WKTOIIT. 

UOLRCITT.AR  WKTOITT. 

STlfDOLA. 

OLD  SYSTKM. 

KKW  SYSTKM. 

SO, 

82 

64 

CO 

14 

28 

CO, 

22 

44 

BaO 

76.5 

153 

FeS 

44 

88 

A1,0, 

61.5 

103 

Ba0,S0,— BaSO* 

116.6 

233 

3.  Compounds-  of  perissad  with  artiad  eUments, — The  symbols, 
of  compounds  of  perissad  with  artiad  elements  are  converted  from 
the  old  into  the  new  system,  generally,  by  halving  the  number  of 


artiad  atoms,  in  which  case  the  values  are  the  same  in  both 
sjsteDis,  viz. : — 

^ SYMBOLS. VALUES. 

KaOHO  NoHO  40 

Cr,0„8  S03,KOSO„24HO  Cr(S0«),K.12H,0«  499.5 

HONOs  HNO,  03 

KOCO,,  HOCO,  KHCOa  100 

C,oaH«»Oi,  (C,H»)  (Cion,iOi)3t  806 

When  the  number  of  artiad  atoms  enunot  be  halved,  and  fn 
some  other  eases,  tlie  number  of  ncrissad  atoms  is  doubled,  the 
values  being  doubled  at  the  same  time,  viz. : — 

SYMBOLS. 


r' 


\ALUES 

• 

OLI>  AT.  WT. 

KKW  *IOI..  \n. 

54 

108 

9 

18 

55.5 

in 

235.5 

771 

135.5 

271 

85.5 

171 

OLD  BTSTEM.  KKT7  BYbTRIL 

N0»  KsO. 

HO  Ht,0 

Gad  CaCls 

HgaCl  Hg,CU 

HgGl  HgOls 

BaO.HO  BaHaO, 
Cra03,3SO,,KO,SOt     KsCr^OnCSOOi 
24HO  24H..O]:  499.6  999 

The  form  and  arrangement  of  the  symbols  of  complicated  com- 
pounds is  very  various,  and  can  only  be  learned  by  study  of  the 
masters  who  lead  usage.  As  regards  nomenclature  the  "  modern  " 
chemists  are  by  no  means  agreed.  The  departures  from  traditional 
English  usage  are,  however,  with  few  exceptions,  simple  changes 
of  verbal  form,  such  as  zinc  sulphate  or  zincic  sulphate  instead  of 
sulphate  of  zinc,  lead  nitrite  or  plumbic  nitrite  instead  of  nitrite 
of  lead,  silver  chloride  or  argentic  chloride  instead  of  chloride 
of  silver. 

In  case  of  the  oxygen  con> pounds  of  the  alkali  and  alkali-earth 
metals,  the  name  of  the  metal  itself  and  not  that  of  the  oxide  is 
used,  viz. :  calcium  sulphate  or  calcic  sulphate  instead  of  sulphate 
of  lime,  sodium  borate  or  sodic  borate  instead  of  borate  of  soda, 
barium  nitrate  or  baric  nitrate  rather  than  nitrate  of  baryta. 

In  case  of  the  metals  which  have  two  basic  oxides,  these  and 
the  corresponding  salts  are  distinguished  by  the  particles  oxis  and 
ic  affixed  to  the  name  of  the  metal  used  adjecti  vely ;  thus,  protoxide 
of  iron  and  sesqnioxide  or  peroxide  of  iron  are  respectively  ferrous 
and  ferric  oxide,  hydrated  protoxide  is  ferrous  hydrate,  sesqui- 
Bulphate  is  terric  sulphate.  Similarly,  we  have  cuprous  acetate, 
cupric  oxide,  mercurous  nitrate,  and  mercuric  phosphate.  Sc 
aluminic  sulphate  (by  analogy),  nickelous  oxalate,  bismuthic  bro- 
mide, &c. 

♦  Chrome  alum,  WATTa 

j-  Tripalmitlne. 

\  Chrome  Alum,  CooKH 


/ 
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It  has  long  been  conceded  that  the  traditional  acids  CO^,  SO^ 
PO,(P,(?,),  IsO^(iV,0^)  &c..  are  no  acids  (i.e.,  eour  bodies)  at  nil, 
but  yield  acids  by  their  combination  with  the  elements  of  watin-. 
They  were  therefore  termed  anhydrous  acids.  Later  thoj'  hiivo 
been  classed  together  as  anhydrides  and  designated  individually 
as  carbonic  anhydride,  sulphuric  anhydride,  phosphoric  anhy- 
dride, &c.,  and  this  nomenclature  is  now  employed  by  many 
chemists,  especially  by  Odling  and  Frankland.  Others,  M- 
lowing  Williamson,  insist  that  (70„  SO^^  &c.,  are  acids  in  the 
sense  of  the  old  nomenclature,  and  retain  for  them  the  old  name:*, 
while  the  sour  (hydrated)  acids  are  designated  as  hydrogen  or 
hydric  salts,  viz.:  //,<SO^=hydric  sulphate,  7/,P0^=hydric phos- 
phate or  phosphoric  hydrate.  Still  other  chemists  prefer  U) 
lall  back  upon  numeral  preflxes  in  case  of  the  anhydrides  and  other 
related  oxides,  viz. :  Watts  gives  to  OO^CO^,  and  01^0^  the  names 
carbon  monoxide,  carbon  dioxide,  and  chlorine  tetroxide.  Ruseoo 
makes  00  carbonic  oxide,  (7(9,  carbonic  dioxide,  and  Cl^O^  chlo- 
ric tetroxide. 

In  case  of  bodies  of  more  complicated  composition,  especially 
those  belonging  to  organic  chemistry,  the  assumption  of  compound 
radicals  or  other  peculiar  views  of  rational  constitution  have  led 
chemists  to  constriitt  various  new  formulas  and  corresponding 
new  names,  which  are  to  be  learned  in  the  writings  where  they 
are  propounded. 
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EDITOE^S  PEEFACE. 


In  preparing  this  edition  of  Presenilis'  Quantitative  Cliemical 
Analysis,  the  editor  has  sotight  by  various  changes  to  adapt  it  to 
the  wants  of  tlie  American  student. 

The  foreign  editions  have  attained  such  encyclopedic  dimensions 
as  to  occasion  the  beijinnerno  little  confusion  and  embarrassment. 
For  tliis  reason  the  bulk  of  the  work  has  been  considerably  re- 
duced. A  few  processes  which  the  editor's  experience  has  con- 
vinced him  are  untrnstwortliy,  and  many  more  that  can  well  bo 
spared  because  they  are  tedious  or  unnecessary,  have  been  omit- 
ted. The  entire  chapter  on  Analysis  of  Mineral  Waters*  excellent 
as  it  is,  lias  been  suppressed  on  account  of  its  length,  and  becauso 
the  few  who  have  occasion  to  make  detailed  investigations  in  that 
direction  have  access  to  the  original  sources  of  information. 
.  The  section  on  Organic  Analysis  has  been  reduced  from  sixty  to 
thirty  pages,  mainly  by  the  omission  of  processes  which  from  their 
antiquity  or  inferiority  are  more  curious  than  useful.  The  chap- 
ters on  Acidimetry  and  Alkalimetry  have  been  likewise  greatly 
condensed,  and  all  that  especially  relates  to  Soils  and  Ashes  of 
Plants  has  been  left  out.  The  recent  appearance  of  an  excellent 
special  treatise  on  "Agricultural  Chemical  Analysis,"  by  Profes- 
sor Caldwellj  of  Cornell  University,  justifies  the  last-named 
omission. 

On  the  other  hand,  some  important  matter  has  been  added. 
Bunsen's  invaluable  new  methods  of  treating  precipitates  are  de- 
Bcribed  in  his  own  (translated)  words.  Various  new  methods  of 
estimation  and  separation  are  incorporated  in  their  proper  places. 

The  editor  thankfully  acknowledges  his  indebtedness  to  several 
gentlemen  for  special  contributions  to  this  work;  viz.:  To  Dr.  J. 
Lawrence  Smith,  who  has  kindly  furnished  a  manuscript  account 
of  his  admirable  method  of  fluxing  silicates  for  the  estimation  of 
alkalies.     To  O.  D.  Allen,  Esq.,  late  chemist  to  the  Freedom  Iron 
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Works,  Lewistown,  Pennsylvania,  for  copious  notes  of  his  exten* 
sive  experience  in  the  analyses  of  steel,  iron,  and  iron  ores,  which 
have  been  freely  employed  in  §229.  To  Mr.  Wm.  G.  Mixter, 
chief  assistant  in  the  Sheffield  Laboratory,  for  the  account  of  the 
gold  and  silver  assay.  To  Professor  Brush,  of  Yale  College,  Pro- 
fessor Collier,  of  Vermont  University,  and  B.  S.  Burton,  Esq.,  of 
Philadelphia,  for  various  important  facts  and  suggestions.  Just 
before  going  to  press.  Dr.  Wolcott  Gibbs  has  communicated  an 
account  of  his  new  method  of  finding  at  once  the  total  correction 
for  temperature,  pressure  and  moisture  in  absolute  determinations 
of  nitrogen  or  other  gases,  which,  from  its  simplicity,  convenience, 
and  accuracy  must  prove  of  the  highest  service  to  chemistry.  It 
will  be  found,  with  some  other  matters,*  in  an  appendix,  p.  619. 

The  additions  which  have  been  made  to  the  methods  of  exam- 
ining ores,  it  is  believed,  adapt  the  work  to  meet  all  the  ordinary 
requirements  of  the  metallurgical  and  mining  student. 

The  editor's  additions  are  distinguished,  in  all  important  cases, 
by  enclosure  in  brackets,  [  ]. 

While  fully  recognizing  the  necessity  of  teaching  the  new 
notation  and  nomenclature  of  chemistry,  the  editor  has  in  this 
book  retained  the  old  system,  because  it  is  identified  with  the 
chemical  literature  of  the  century,  and  cannot  be  speedily  for- 
gotten by  practical  men.  At  a  time  when  the  most  elementary 
text-books  are  framed  on  the  "modem"  system,  it  is  important 
to  keep  the  student  exercised  in  the  language  of  the  old  masters 
of  the  science,  which  is  still,  and  must  for  some  time  remain,  a 
part  of  the  veraacular  of  the  physician,  the  apothecary,  the 
metallurgist,  and  the  manufacturer. 

SAMUEL  W.  JOHNSON. 

Sheffield  Laboratory  op  Yale  Collxok,  Dec,  18C9. 


*  Viz.,  aesay  of  chrome  iron,  and  separation  of  phosphorio  acid  from  lime, 
alittnina,  and  iron. 


CONTENTS. 


iHTBODUGTIOlf -•.•• 1 

PART  I. 

DIVISION  I. 

EXBCUTtON  OV  ANALTBIB. 

SECTION  L 

Opeiatioiu,  §1 9 

L  Determination  of  quantity,  §  2 0 

1.  Weighing,  §8 0 

a.  The  balance 9 

Accuracy,  §  4 10 

SenaibUity,  §5 11 

Testing,  S  6  and  §7 12 

b.  The  weights,  ^8 U 

'N  c.  The  proceas  of  weighing,  §  9 15 

— I  Rules,  g  10 , 17 

1  MeaBUring,§ll ^ 18 

a.  The  measuring  of  gases,  g  12 , 19 

Correct  reading-off,  §  13 20 

Influence  of  temperature,  g  14 21 

Influence  of  pressure,  §  15 « 21 

Influence  of  moisture,  §  16 23 

b.  The  measuring  of  fluids,  §  17 22 

a.  Measuring  vessels  gpraduated  to  hold  certain  rolumes  of 

fluid. 
aa.  Vessels  serving  to  measure  out  one  definite  yolume  of 
fluid. 

1.  Measuring  flasks,  §  18 23 

bb»  Vessels  serving  to  measure  out  different  volumes  of 

fluid. 

2.  The  graduated  cylinder,  S  19 24 

6,  Measuring  vessels  graduated  to  deliver  certain  volumes 

of  fluid. 
aa.  Vessels  serving  to  measure  out  one  definite  volume 
of  fluid.  « 

8.  The  graduated  pipette,  §  20 24 

bb.  Vessels  serving  to  measure  out  different  TOlumes  of 
fluid. 
4.  The  Burette. 

I    Mohr's  burette,  §  21 26 

II.  Gay-Lussac's  burette,  §  22 80 

m    GeUsler's  burette,  g  28 81 


VIU  CONTENTS. 

PAGI 
n.  Preliminaiy  operations.     Preparation  of  Bubetanoes  for  the  processes 
of  quantitative  analysis. 

1.  Selection  of  the  sample,  g  24 81 

2.  Mechanical  division,  %25 83 

8.  Desiccation,  §  26 84 

Desiccators,  §  27 3o 

Water-baths,  §28. 86 

Air-baths,  g  29 88 

Parafflne-baths,  §  30 40 

m.  General  procedure  in  quantitative  analysiB,  §82 40 

1.  Weighing  the  substance,  §  38 41 

2.  Estimation  of  water,  §  84 42 

a.  Estimation  of  water  by  loss  of  weight,  §  35 48 

b.  Estimation  of  water  by  direct  weighing,  §  36 44 

8.  Solution  of  substances,  t^  37 46 

a.  Direct  solution,  §38 47 

b.  Decomposition  by  fluxing,  §  39 48 

4.  Conversion  of  the  dissolved  substance  into  a  weighable  form, 

§40 48 

a.  Evaporation,  §  41 49 

W^eighing  of  residues,  §  42 53 

ft.  Precipitation,  §  43 53 

a.  Separation  of  precipitates  by  decantation,  §  44 . .  55 

/>'.  Separation  of  precipitates  by  filtration,  §45 55 

aa.  Filtering  apparatus 50 

bb.  Eules  to  be  observed  in  the  process  of  filtra- 
tion, §40 58 

ec.  Washing  of  precipitates,  §  47 59 

y.  Separation  of  precipitates  by  decantation  and  fil- 
tration combined,  §  48 60 

Further  treatment  of  precipitates  preparatory  to 

weighing,  §  49 61 

an.  Drying  of  precipitates,  §  50 61 

bb.  Ignition  of  precipitates,  §  51 62 

First  method,  §  52 64 

*                                   Second  method,  §  53 65 

Bunsen^s  method  of  rapid  filtration,  §  53,  a.  ...*... .  66 

Bunsen^s  treatment  of  precipitates,  §  53,  d 77 

Advantages  of  Bunsen's  new  method,  §  53,  e 77 

Bunsen's  simple  exhausting  apparatus,  §  53,  d 79 

5.  Volumetric  analysis,  §  54 8C 


/ 


SECTION  II. 

fi^iagentfl,  §  55 83 

A.  Reagents  for  gravimetric  analysis  in  the  wet  way. 

I.  Simple  solvents,  §56 83 

n.  Acids  and  halogens. 

a.  Oxygen  acids,  §  57 84 

b.  Hydrogen  acids  and  halogens,  §  58 84 

•  t.  Suli-ho-acids 85 

Itl  Bases  and  metals. 

a.  Oxygen  bases  and  metals. 
.1.  Alkalies,  and 

0.  Alkaline  earths,  §59 86 

V.  Heavy  metals  and  oxides  of  heavy  metals,  §  60. . ..      86 

I.  Sulpho-bases* v  .*....».... » » » . »     . .       87 


COKTEinrB.  u 

pA<n 
lY.  Salts. 

a.  Salts  of  the  alkalies,  §  61 87 

b.  Salts  of  the  alkaline  earths,  §  63 88 

c  Salts  of  the  oxides  of  the  heavy  metals,  S  68 80 

jBL  Reagents  for  gravimetrio  analysis  in  the  dry  way,  §  64 •  90 

C7.  Reagents  for  yolumetric  analysis,  g  65 • 91 

jD.  Reagents  for  organic  analysis,  §  66 96 

SECTION  m. 

Fbrms  and  combinations  in  which  sahstances  are  separated  from  each  other, 

or  weighed,  §  67 l(h 

Jl  BASEa 

FIRST  GEO  UP. 

1.  Potassa,  §  68 103 

3.  Soda,  §69 103 

8.  Ammonia,  §  70 105 

SECOND  GROUP. 

1.  Baryta.  §  71 106 

2.  Strontia,  §73 107 

8.  Lime,  §73 108 

4.  Magnesia,  §  74 110 

THIRD  GROUP. 

1.  Alumina,  §  75 113 

2.  Sesquioxide  of  chromium,  §  76 114 

POURTIT  GROUP. 

1.  Orideof  zinc,  §  77 114 

2.  Protoxide  of  manganese,  §  78 116 

3.  Protoxide  of  nickel,  §  79 118 

4  Protoxideof  cobalt,  §80 119 

5.  Protoxide ;  and  6.  Sesquioxide  of  iron,  §  81 121 

FIFTH  GROUP. 

1.  Oxide  of  silver,  §82 134 

2.  Oxide  of  lead,  §83 125 

8.  Suboxide;  and  4.  Oxide  of  mercury,  §  84 127 

6.  Oxide  of  copper,  §85 ,  129 

6.  Teroxide  of  bismuth  ,§86 131 

7.  Oxide  of  cadmium,  §  87 133 

SIXTH  GR0X7P. 

1.  Teroxide  of  gold,  §  88 134 

8.  Binoxide  of  platinum,  §89 134 

3.  Teroxide  of  antimony,  §  90 185 

4.  Peroxideof  tin;  and5.  Bfaioxide  of  tin,  §  91 136 

6.  Arsenious  acid ;  and  7.  Arsenic  acid,  §  92 137 

B.  AciDa 
FIRST  GROUP,     g  93. 

1.  Arsenious  and  arsenic  acids. 

8.  Chromic  acid 1lW 

8.  Sulphuric  acid 140 


X  CONTENTS. 

PAO« 

4.  Phosphoric  acid , , 140 

5.  Boracic  acid , 144 

6.  Oxalic  add 144 

7.  Hydrofluoric  acid. 144 

8.  Carbonic  add. 145 

9.  Silicic  acid 145 

SECOND  GROUP,      g  94. 

1.  Hydrochloric  acid. 140 

2.  Hydrobromic  acid 146 

8.  Hydriodicacid 147 

4.  Hydrocyanic  acid 148 

5.  Hydrosulphurio  acid 148 

THIRD  GROUP.      §  95. 

1.  Nitric  acid 148 

2.  Chloric  add. 148 


SECTION  IV. 

Determination  of  bodies,  §  96 149 

I.  Estimation  of  the  bases. 

prnsT  GROUP. 

1.  Potassa,  §  97 161 

2.  Soda,  §  98 154 

3.  Ammonia,  §  99 ; , 156 

Supplement  to  first  group,  §  100. 

4.  Lithia 161 

SECOND  GROUP. 

1.  Baryta,§  101 164 

2.  Strontia,  §  102 166 

3.  Lime,  §103 168 

4.  Magnesia,  §  lOL 171 


N 


THIRD  GROUP. 


1.  Alumina,  §105 174 

2.  Sesquioxide  of  chromium,  §  106 176 

Supplement  to  third  group,  §  107. 

3.  Titanic  acid 178 

FOURTH  GROUP. 

1.  Oxide  of  zinc,  §108 179 

2.  Protoxide  of  manganese,  §  109 183 

3.  Protoxide,  of  nickel,  §  110 187 

4.  Protoxide  of  cobalt,  §  111 189 

5.  Protoxide  of  iron,  §  112 193 

6.  Sesquioxide  of  iron,  §  113 : 199 

Supplement  to  fourth  group,  §  114. 

7.  Sesquioxide  of  uranium 303 

PIPTH  GROUP. 

1.  Oxide  of  silver,  §115 205 

3.  Oxide  of  lead,  §116 216 

3.  Suboxide  of  mercury,  §117 22C 


CONTENTS.  Xi 

4.  Oxide  of  mercury,  §  118 220 

6.  Oxide  of  copper.  §  119 225 

6.  Teroxide  of  bismuth,  §  120 283 

7.  Oxide  of  cadmium,  §  121 235 

Supplement  to  fifth  group,  §  122. 

8.  Protoxide  of  palladium 236 

6IXTH  GROUP. 

.    1.  Teroxide  of  gold,  §  123 287 

2.  Binoxide  of  platinum,  §  124 239 

8.  Teroxide  of  antimony,  §126 241 

4.  Protoxide  of  tin  ;  and  5.  Binoxide  of  tin,  §  126 245 

6.  Araenious  acid ;  and  7.  Arsenic  acid,  g  127 249 

Supplement  to  sixth  group,  §  128. 

8 .  Moly bdio  acid 255 

II.  Estimation  of  the  adds. 


/ 


PmST  GROUP. 

First  IHtisian. 

1.  Arsenious  and  arsenic  acids,  §  129 256 

2.  Chromic  acid,  §130 257 

SvpplemenL  8  131. 

1.  Selenious  acid 201 

2.  Sulphurous  acid 262 

3.  Hyposulphurous  acid 263 

4.  Iodic  acid 263 

6.  Nitrous  acid 263 

Second  Division, 

Sulphurous  acid.  S  132 264 

Supplement y  §  i83. 

Hydrofluosilicic  acid 269 

Third  Ditimn. 

1.  Phosphoric  acid. 

L  Determination,  §  1 34 269 

II.  Separation  from  the  bajses,  §  135 275 

2.  Boracicacid,  j^  136 279 

3.  Oxalic  acid,  §  137 282 

4.  Hydrofluoric  a<jid,  §  138 284 

Fourtit  Division. 

1.  Carbonic  acid,  S  139 285 

2.  SUicic  acid.  §  1 40 299 

SECOND  GROUP. 

1.  Hydrochloric  acid,  §141 804 

Suj)plement :  free  chlorine,  §  142 ; 307 

2.  Hydrobromio  acid,  §143 309 

Sujypiement :  free  bromine,  §  144 311 

8.  Hydriodic  acid.  §145 811 

Suppletnent :  free  iodine,  §  146 313 

4.  Hydrocyanic  acid,  §  147 816 

5.  Hydroeulphuric  acid,  §  148 821 

TKIRD  GROUP. 

1.  Nitric  acid,'§  149 828 

2.  Chloric  acid,  g  150 335 


XU  CONTENTS. 


SECTION  V, 


PA01 

Separation  of  bodiea,  §  151 887 


L   BEPABATION  OF  BASES  FROM  EACH  OTHEB. 

FIRST    GROUP. 

Separation  of  the  alkalies  from  each  other,  §  152 889 

SECOND  GROUP. 

I.  Separation  of  the  oxides  of  the  second  grroup  from  those  of  the  first, 

§153 848 

II.  Separation  of  the  oxides  of  Hie  second  gronp  from  each  other,  g  154. .     846 

THIRD  GROUP. 

I.  Separation  of  the  oxides  of  the  third  gronp  from  the  alkalies,  §  155 . .  350 
IL  Separation  of  the  oxides  of  the  third  group  from  the  alkaline  earths, 

§166 851 

III.  Separation  of  the  oxides  of  the  third  group  from  each  other,  §  157. . .  854 

FOURTH  GROUP. 

I.  Separation  of  the  oxides  of  the  fourth  group  from  the  alkalies, 

§158 855 

II.  Separtvtion  of  the  oxides  of  the  fourth  gronp  from  the   alkaline 

earths,  159 856 

III.  Separation  of  the  oxides  of  the  fourth  group  from  those  of  the  third 

and  from  each  other,  §  100 358 

lY.  Separation  of  sesquioxide  of  iron,  alumina,  protoxide  of  manganese, 

lime,  magnesia,  potassa,  and  soda,  §  101 370 

Separation  of  sesquioxide  of  uranium  from  the  oxides  of  groups  T. — IV.    378 

FIFTH  GROUP. 

J.  Separation  of  the  oxides  of  the  fifth  group  from  those  of  the  preceding 

four  groups,  g  102 875 

II.  Separation  of  the  oxides  of  the  fifth  group  from  each  other,  §  168. . . .     879 

SIXTH  GROUP. 

I.  Separation  of  the  oxides  of  the  sixth  gronp  from  those  of  the  first  fire 

groups,  §  1 64 887 

11.  Separation  of  the  oxides  of  the  sixth  group  &om  each  other.  §  165 . . .     897 


II.    SEPARATION  OF  ACIDS  FROM  EACH  OTHER. 

FIRST  GROUP. 

Separation  of  the  acids  of  the  first  gronp  from  each  other,  §  166 402 

SECOND  GROUP. 

I.  Separation  of  the  acids  of  the  second  gronp  from  those  of  the  first, 

§167 40Cr 

Supplement. — Analysis  of  compounds  containing  sulphides  of  the 
alkali  metals,  carbonates,  sulphates,  and  hyposulphites,  §  168. . . .     4tl 
IL  Separistion  of  the  acids  of  the  second  gronp  from  each  other,  §  169. .     412 


•  •• 


CONTEITTS.  Xlll 

THIRD  0B0T7P. 

PAoa 

L  Separation  of  the  acids  of  the  third  group  from  those  of  the  two  firmi 

groups,  §170 418 

n.  Separation  of  the  acids  of  the  third  group  from  eadi  other 410 

SECTION  VL 

Ultimate  analysis  of  organic  bodies,  §  171 420 

I.  Qualitative,  §172 421 

IL  Quaatitative,  §  173 423 

A.  Substances  consisting  of  carbon  and  hydrogen,  or  of  carbon,  hydro- 

gen, and  oxygen. 

a.  Solid  bodies. 

Combustion  with  oxide  of  copper,  §  174 424 

Completion  of  the  combustion  by  oxygen  gas,  §  178 431 

Combustion  with  chromate  of  lead  (and  bichromate  of  potash), 

§177 431 

Combustion  with  oxide  of  copper  and  oxygen  gas,  §  178 432 

Volatile  bodies,  or    bodies  undergoing    alteration    at  100**, 

§179 485 

b.  Liquid  bodies. 

a.  VolatUe  bodies,  §  180 435 

/?,  Non-volatile  bodies,  §  181 437 

Supplement  to  k.  —  Modified  apparatus  for  absorption   of   oarbonio 
acid,  §182 438 

B.  Substances  consisting  of  carbon,  hydrogen,  oxygen,  and  nitrogen. 

a.  Estimation  of  carbon  and  hydrogen,  §  183 439 

h.  Estimation  of  nitrogen. 

a.  From  the  volume,  §  184. , . . . .     440 

0.  By  conversion  into  ammonia,  after  Varrentrapp  and  Will, 

§185 442 

C.  Analysis  of  bodies  containing  sulphur,  §  186 445 

D.  Estimation  of  phosphorus  in  organic  bodies,  §  187 448 

El  Analysis  of  substances  containing  chlorine,  bromine,  or  iodine, 

§188 449 

F.  Analysis  of  organic  substances  containing  inorganic  bodies,  §  189. .     451 


IIL  Determination  of  the  equivalent  of  oiganic  bodies. 

1.  From  their  combining  proportions  with  other  bodies,  §  190 452 

2.  From  their  vapor-density,  §  191 453 

3.  From  their  products  of  decomposition,  §  192 457 


DIVISION  n. 

Calculation  of  analyses 458 

L  Calculation  of  the  constituent  sought  from  the  compound  produced, 

and  exhibition  of  the  results  in  per-cents,  §  198 458 

1.  When  the  substance  sought  has  been  separated  in  the  free  state. 

a.  Solid  bodies,  liquids,  or  gases,  which  have  been  determined 

by  weight,  §  194 458 

h.  Gases  which  have  been  measured,  §  195 459 

2.  When  the  substance  sought  has  been  separated  in  combination 

with  another,  §  196 462 

8    Calculation  of  indirect  analyses,  §  197 464 

Supplement  to  I. — Remarks  on  loss   and  excess,   and  on  taking  the 

average,  §198  466 

n.  Deduction  of  empirical  formulsB,  §  199 468 

ni.  Deduction  of  rational  formulaB,  §  200 471 

IV.  Calculation  of  the  density  of  vapors,  §  201 475 


Jfiv  CONTKNTS. 


PART     II. 

r. 

PAOfl 

1.  Analysis  of  fresh  water,  §  203 488 

2.  Acidimetiy. 

A.  Estimation  by  specific  grayity,  §  203 487 

B.  Determination  of  the  acid  by  saturation  with  on  alkaline  fluid  of 

known  strength,  g  204 487 

Kiefer's  modification  of  the  process,  §  205 496 

8.  Alkalimetry. 

A.  Estimation  of  potassa,  soda,  or  ammonia,  from  the  density  of  their 

solutions,  g  206 498 

B.  Estimation  of  the  amount  of  caustic  and  carbonated  alkali  in  com- 

mercial alkalies 498 

Method  of  Descroizilles  and  Gay-Lussac,  §  207 499 

Modification  by  Mohr,  §  208 500 

G.  Estimation  of  caustic  cdkali  in  the  presence  of  carbonates,  §  209 .    .  502 
D.  Estimation  of    carbonate  of    soda  in  presence  of    carbonate  of 

potassa  , . , .  503 

4.  Estimation  of  alkaline  earths  by  the  alkalrmetric  method,  §  210 503 

5.  Chlorimetry,  §  211 504 

Preparation  of  the  solution  of  chloride  of  lime 504 

A.  Penot's  method,  g  212 505 

B.  Otto's  method,  §  213 508 

Modification 507 

C.  Bunsen's  method 508 

£.  Valuation  of  manganese,  §  214 508 

I.  Ihying  the  sample 608 

II.  Estimation  of  the  binoxide  of  manganese,  §  215 509 

A.  Fresenius  and  WilFs  method. 509 

B.  Bunsen's  method 512, 

C.  Method  by  means  of  iron 512 

in.  Estimation  of  moisture  in  mang^anese,  ^  216 513 

IV.  Estimation  of  the  amount  of  hydrochloric  acid  required  for  the 

complete  decomposition  of  a  manganese,  g  217 513 

7.  Analysis  of  common  salt,  ^218 514 

8.  Analysis  of  gunpowder,  ^  219 514 

9.  Analysis  of  native  silicates,  §  220 516 

10.  Analysis  of  limestones,  dolomites,  marls,  <&c 518 

A.  Method  of  complete  analysis,  §  221 519 

B.  Volumetric  determination  of  carbonate  of  lime,  §  322 523 

11.  Analysis  of  Iron  ores,  g  223 524 

A.  Estimation  of  iron 524 

B.  Estimation  of  iron,  manganese,  silica,  and  phosphoric  acid 524 

G.  Estimation  of  sulphur 525 

D.  Estimation  of  titanium 525 

12.  Assay  of  copper  ores.  §  224 525 

A.  Mohr^s  method  for  oxides,  &c 525 

B.  Gibbs'  method  for  sulphides 526 

G.  Storer  and  Pearson's  method  for  sulphideB 526 

13.  Analysis  of  galena,  §225 527 

14.  Silver  assay,  §  226 528 

A.  Assay  of  poor  ores 528 

B.  Aseay  of  rich  ores 531 

G.  Bullion  assay 531 

15.  Gold  assay,  §227 581 

A.  Ores  of  the  first  class 531 

B.  Ores  of  the  second  class  (sulphides) 582 

16.  Assay  of  zinc  oros,  §  228 534 


CONTENTS. 

PAOfC 

17.  Analysis  of  iron  and  steel,  §  229 535 

18.  Analysis  of  manures,  §  23 1 543 

A.  General  proctess,  §  232 543 

B.  Analysis  of  gpiano,  §  238 545 

C.  Analysis  of  bone  dust,  S  234 547 

D.  Analysis  of  superphosphate  of  lime,  g  235 548 

Abridged  analysis  of  superphosphates,  §  236 550 

B.  Analysis  of  bone  black,  §237 551 

Estimation  of  the  carbonate  of  lime,  §  288 551 

19.  Analysis  of  coal  and  peat,  §  289 552 

20.  Analysis  of  atmospheric  air,  §  240 553 

A.  Determination  of  the  water  and  carbonic  add,  §  241 553. 

B.  Determination  of  the  nitrogen,  and  oxygen,  §  242. 558 


PART  m. 

EzexciBes  for  practice 6C4 


APPENDIX 

Analytical  experiments 581 

Tables  for  the  calculation  of  analyses 608 — 620 

I.  Equivalents  of  the  elements 603 

n.  Composition  of  bases  and  oxygen  acids 604 

ILL  Reduction  of  compounds  found  to  constituents  sought  by  simple 

multiplication  or  division 606 

IV.  Amount  of  constituent  sought  for  each  number  of  compound 

found 610 

v.  Specific  gravity  and  absolute  weight  of  several  gases    620 

YI.  Comparison  of  degrees  of  mercimal  thermometer  with  those  of 
air  thermometer 


EDITOE^S  APPENDIX. 

Dr.  Gibbs'  method  of  correcting  volume  of  gases 621 

Assay  of  chromic  iron 021 

Beparation  of  phoephoric  add  from  lime,  alumina,  and  iron  .  • OSS 


INTRODUCTION. 


As  w©  hare  already  seen  in  the  "  Manual  of  Qualitative  Analysis,*' — 
to  which  the  present  work  may  he  regarded  as  the  sequel, — Chemical 
Analysis  comprises  two  branches,  viz. :  qualitative  analysis  and  quanti- 
tative analysisy  the  object  of  the  former  being  to  ascertain  the  nature^ 
that  of  the  latter  to  determine  the  afnount^  of  the  several  component 
parts  of  any  compound. 

By  QUALiTATiVB  AJTALYSis  we  couvert  the  unknoum  constituents  of  a 
body  into  certain  known  forms  or  combinations ;  and  we  are  thus  en- 
abled to  draw  <5brrect  inferences  respecting  the  nature  of  these  unknown 
constituents.  Quantitative  analysis  attains  its  object,  according  to  cir* 
cumstances,  often  by  very  different  ways ;  the  two  methods  most  widely 
differing  from  each  other,  are  analysis  by  weighty  or  gravimetric  analysis, 
and  analysis  by  measurCy  or  volumetric  amdysis. 

Gravimetric  analysis  has  for  its  object  to  convert  the  known  con- 
stituents of  a  substance  into  forms  or  combinations  which  will  admit  of 
the  most  exact  determination  of  their  weight,  and  of  which,  moreover,  the 
composition  is  accurately  known.  These  new  forms  or  combinations  may 
be  either  educts  from  die  analyzed  substance,  or  they  may  be  products. 
In  the  former  case  the  ascertained  weight  of  the  eliminated  substance  is 
the  direct  expression  of  the  amount  in  which  it  existed  in  the  compound 
under  examination ;  whilst  in  the  latter  case,  that  is,  when  we  have  to 
deal  with  products^  the  quantity  in  which  the  eliminated  constituent  was 
originally  present  in  the  analyzed  compound,  has  to  be  deduced  by 
calculation  from  the  quantity  in  which  it  exists  in  its  new  combination. 

Tlie  following  example  will  serve  to  illustrate  these  points : — Suppose 
we  wish  to  detennine  the  quantity  of  mercury  contained  in  the  chloride 
of  that  metal ;  now,  we  may  do  this,  either  by  precipitating  the  metallic 
mercury  from  the  solution  of  the  chloride,  say  by  means  of  protochloride 
of  tin ;  or  we  may  attain  our  object  by  precipitating  the  solution  by  sul- 
phuretted hydrogen,  and  weighing  the  precipitated  sulphide  of  mercury. 
100  parts  of  chloride  of  mercury  consist  of  73*82  of  mercury  and  26' 18 
of  chlorine;  consequentlyy  if  the  process  is  conducted  with  absolute 
accuracy,  the  precipitation  of  100  parts  of  chloiide  of  mercury  by  proto- 
chloride of  tin  will  yield  73*82  parts  of  metallic  mercury.  With  equally 
exact  manipulation  the  other  method  yields  85*634  parts  of  sulphide  of 
mercury. 

Now,  in  the  former  case  we  find  the  number  73*82  directly ;  in  the 
bitter  case  we  have  to  deduce  it  by  calculation : — (100  parts  of  sulphide  of 
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mercury  contain  86*207  parts  of  mercury ;  how  much  mercury  do  85*634 
parts  contain  ?) 

100  :  85*634  : :  86*207  :  »— a;=:73*82. 

As  already  hinted,  it  is  absolutely  indispensable  that  the  forms  into 
which  bodies  are  converted  for  the  purpose  of  estimation  by  weight  should 
fulfil  two  conditions :  first,  they  must  be  capable  of  being  weighed  exactly ; 
secondly,  they  must  be  of  known  composition, — for  it  is  quite  obvious,  on 
ihe  one  hand,  that  accurate  quantitative  analysis  must  be  altogether  im- 
possible if  the  substance  the  quantity  of  which  it  is  intended  to  ascertain, 
does  not  admit  of  correct  weighing ;  and  on  the  other  hand,  it  is  equally 
evident  that  if  we  do  not  know  the  exact  composition  of  a  new  product, 
we  lack  the  necessary  basis  of  our  calculation. 

Volumetric  analysis  is  based  upon  a  very  different  principle  from  that 
of  gravimetric  analysis ;  viz.,  it  afiects  the  quantitative  determination  of 
a  body,  by  converting  it  from  a  certain  definite  state  to  another  equally 
definite  state,  by  means  of  a  fluid  of  accurately  known  power  of  action, 
and  under  circumstances  which  permit  the  analyst  to  mark  with  rigorous 
precision  the  exact  point  when  the  conversion  is  accomplished.  The  fol- 
lowing example  will  serve  to  illustrate  the  principle  of  this  method : — 
Permanganate  of  potassa  added  to  a  solution  of  sulphate  of  protoxide  of 
iron,  acidified  with  sulphuric  acid,  immediately  converts  the  protoxide  of 
iron  to  sesquioxide  ;  the  permanganic  acid,  which  is  characterized  by  its 
intense  colour,  yielding  up  oxygen  and  changing  to  protoxide  of  manga- 
nese, which  combines  with  the  sulphuric  acid  present,  to  colorless  sulphate 
of  protoxide  of  manganese.  If,  therefore,  to  an  acidified  fluid  containing 
protoxide  of  iron,  we  add,  drop  by  drop,  a  solution  of  permanganate  of 
potassa,  its  red  color  continues  for  some  time  to  disappear  upon  stining ; 
but  at  last  a  point  is  reached  when  the  coloration  imparted  to  the  fluid 
by  the  last  drop  added  remains  :  this  point  marks  the  termination  of  the 
conversion  of  the  protoxide  of  iron  to  sesquioxide. 

Now,  by  accurately  determining  the  strength  or  power  of  action  of  the 
solution  of  permanganate  of  potassa — which  is  done  simply  by  making  it 
act  upon  a  known  quantity  of  protoxide  of  iron  in  solution,  and  correctly 
noting  how  much  of  it  is  required  to  effect  thn  conversion  of  that  pro- 
toxide to  the  state  of  Sesquioxide — we  are  now  able  with  this  solution  to 
determine  the  exact  amount  of  protoxide  of  iron  present  in  any  solution. 
Thus,  wc  will  assume,  for  instance,  that  we  have  found  it  takes  exactly 
1 00  pai-ts  of  our  solution  of  permanganate  of  potassa  to  oxidize  2  parts  of 
protoxide  of  iron ;  if  now,  in  testing,  with  this  standard  solution  of  per- 
manganate of  pota-ssa,  any  solution  containing  an  imknown  quantity  of 
protoxide  of  iron,  we  find  that  100  parts  of  our  standard  fluid  ai-e  required 
to  oxidize  the  iron,  we  know  at  once  that  the  examined  fluid  contained 
exactly  2  parts  of  protoxide  of  iron ;  if  50  parts  are  required,  we  know 
that  1  part  of  protoxide  of  iron  was  present,  (fee.  <fec.  Accordingly,  by 
simply  measuring  the  quantity  used  of  our  standard  solution  of  perman- 
ganate of  potassa,  we  arrive  at  once  at  an  accurate  knowledge  of  the  amount 
of  protoxide  of  iron. 

As  the  process  of  measuring  is  mostly  adopted,  in  preference  to  that 
of  weighing,  for  determining  the  quantity  used  of  the  standard  Laid,  we 
g'.ve  to  this  analytical  method  the  na»^e  of  "a:aalysis  by  measure."  It 
genen^ily  leads  to  the  attainment  of  the  object  m  view  with  much  greater 
expedition  than  is  the  case  with  analysis  by  weight. 
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To  this  brief  iutimation  of  the  ^neral  purport  and  object  of  quantita- 
tive analysis,  and  the  general  mode  of  proceeding  in  analytical  re 
searches,  I  have  to  add  Ihat  certain  qualifications  are  essential  to  those 
who  would  devote  themselves  successfully  to  the  pursuit  of  this  branch. 
These  qualifications  are,  1,  theoretical  knowledge  ;  2,  skill  in  manipula- 
tion ;  and  3,  strict  conscientiousness. 

The  preliminary  knoidedge  required  consists  in  an  acquaintance  with 
qualitative  analysis,  the  stoichiometric  laws,  and  simple  arithmetic.  Thus 
prepared,  we  shall  understand  the  method  by  which  bodies  are  sej)arated 
and  determined,  and  we  shall  be  in  a  position  to  perform  our  calcu- 
lations, by  which,  on  the  one  hand,  the  formulae  of  compounds  are 
deduced  from  the  analytical  results,  and,  on  the  other  hand,  the  correct- 
ness of  the  adopted  methods  is  tested,  and  the  results  obtained  are  con- 
trolled. To  this  knoijdedge  must  be  joined  the  ability  of  performing  the 
necessary  practical  operations.  This  axiom  generally  holds  good  for  all 
applied  sciences,  but  if  it  is  true  of  one  more  than  another,  quantitative 
analysis  is  that  one.  The  most  extensive  and  solid  theoretical  acquire- 
ments will  not  enable  us,  for  instance,  to  determine  the  amount  of  com- 
mon salt  present  in  a  solution,  if  we  are  without  the  requisite  dexterity 
to  transfer  a  fluid  from  one  vessel  to  another  without  the  smallest  loss 
by  spirting,  running  down  the  side,  &c.  The  vaiious  operations  of 
quantitative  analysis  demand  great  aptitude  and  manual  skill,  which  can 
be  acquired  only  by  practice.  But  even  the  possession  of  the  greatest 
practical  skill  in  manipulation,  joined  to  a  thorough  theoretical  know- 
ledge, will  still  prove  insufficent  to  insure  a  successful  pursuit  of  quanti- 
tative researches,  unless  also  combined  with  a  sincere  love  of  truths  and 
a  firm  determination  to  accept  none  but  thorougldy  confirmed  resvlts. 

Every  one  who  has  been  engaged  in  quantitative  analysis  knows  that 
cases  will  sometimes  occur,  especially  when  commencing  the  study,  in 
which  doubts  may  be  entertained  as  to  whether  the  result  will  turn  out 
correct,  or  in  which  even  the  operator  is  positively  convinced  that  it 
cannot  be  quite  correct.  Thus,  for  instance,  a  small  portion  of  the  sub- 
stance under  investigation  may  be  spilled ;  or  some  of  it  lost  by  decrepi- 
tation ;  or  the  analyst  may  have  reason  to  doubt  the  accuracy  of  his 
weighing ;  or  it  may  happen  that  two  analyses  of  the  same  substance  do 
not  exactly  agree.  In  all  such  cases  it  is  indispensable  that  the  operator 
should  be  conscientious  enough  to  repeat  the  whole  process  over  again. 
He  who  is  not  possessed  of  this  self-command — who  shirks  trouble  where 
truth  is  at  stake — who  would  be  satisfied  with  mere  assumptions  and 
guesswork,  *where  the  attainment  of  positive  certainty  is  the  object, 
must  be  pronounced  just  as  deficient  in  the  necessary  qualifications  for 
quantitative  analytical  researches  as  he  who  is  wanting  in  knowledge  or 
skill.  He,  therefore,  who  cannot  fully  trust  his  work — who  cannot  swear 
to  the  correctness  of  his  result*,  may  indeed  occupy  himself  with  quanti- 
tative analysis  by  way  of  practice,  but  he  ought  on  no  account  to  publish 
or  use  his  results  as  if  they  were  positive,  since  such  proceeding  could 
not  conduce  to  his  own  advantage,  and  would  certainly  be  mischievous 
as  regards  the  science. 

The  domain  of  quantitative  analysis  may  be  said  to  extend  over  all 
matter — ^that  is,  in  other  words,  anything  corporeal  may  become  the 
object  of  quantitative  investigation.  The  present  work,  however,  is  ui- 
tended  to  embrace  only  the  substances  used  in  pharmacy,  arts,  trades,  and 
agriculture. 


4  INTRODUCTIOK. 

Quantitative  arialysis  may  be  subdivided  into  two  branchefs,  viz.,  ana 
I  vsis  of  mixtureSy  and  analysis  of  cherniccU  compounds.  This  division  may 
appear  at  first  sight  of  very  small  moment,  yet  it  is  necessary  that  wq 
should  establish  and  maintain  it,  if  we  would  form  a  clear  conception  oi 
the  value  and  utility  of  quantitative  research.  The  quantitative  analy- 
sis of  mixtures,  too,  has  not  the  same  aim  as  that  of  chemical  com 
pounds ;  and  tho  method  applied  to  secure  the  correctness  of  the  results 
in  the  former  case  is  different  from  that  adopted  in  the  latter,  llie 
quantitative  analysis  of  chemical  compounds  also  rather  subserves  the 
purposes  of  the  science,  whilst  that  of  mixtures  belongs  t>o  the  practical 
purposes  of  life.  If,  for  instance,  I  analyze  the  salt  of  an  acid,  the  result 
of  the  analysis  will  give  me  the  constitution  of  that  acid,  its  combining 
proportion,  saturating  capacity,  &c. ;  or,  in  other  words,  the  results  ob- 
t^ned  will  enable  me  to  answer  a  series  of  questions  of  which  the  solu- 
tion is  important  for  the  theory  of  chemical  science :  but  if,  on  the  other 
hand,  I  analyze  gunpowder,  alloys,  medicinal  mixtures,  ashes  of  plants, 
ikc,  <fec.,  I  have  a  very  different  object  in  view ;  I  do  not  want  in  such 
cases  to  apply  the  results  which  I  may  obtain  to  the  solution  of  any  the- 
oi'etical  question  in  chemistry,  but  I  want  to  render  a  practical  service 
either  to  the  arts  and  industries,  or  to  some  other  science.  If  in  the 
analysis  of  a  chemical  compound  1  wish  to  control  the  results  obtained, 
I  may  do  this  in  most  cases  by  means  of  calculations  based  on  stoichio- 
metric data,  but  in  the  case  of  a  mixture  a  second  analysis  is  necessary 
t-O  confirm  the  correctness  of  the  results  afforded  by  the  first. 

The  preceding  remarks  clearly  show  the  immense  importance  of  q\ian- 
titative  analysis.  It  may,  indeed,  be  averred  that  cheniistiy  owes  to 
this  branch  its  elevation  to  the  rank  of  a  science,  since  quantitative 
researches  have  led  us  to  discover  and  deteimine  the  laws  which  govern 
the  combinations  and  transpositions  of  the  elements.  StoYchiometry  is 
entirely  based  upon  the  results  of  quantitative  investigations ;  all  i*ational 
views  respecting  the  constitution  of  compounds  rest  upon  them  as  the 
only  safe  and  solid  basis. 

Quantitative  analysis,  therefore,  forms  the  strongest,  and  most  powerful 
lever  for  chemistry  as  a  science,  and  not  less*  so  for  chemistry  in  it^j 
applications  to  the  pi-actical  pui-poses  of  life,  to  trades,  arts,  manufac- 
tures, and  likewise  in  its  application  to  other  sciences.  It  teaches  the 
mineralogist  the  true  nature  of  minerals,  and  suggests  to  liim  principles 
and  rules  for  their  recognition  and  classification.  It  is  an  indispen- 
sable auxiliary  to  the  physiologist ;  and  agriculture  has  already  derived 
much  benefit  from  it ;  but  far  greater  benefit*  may  be  predicted.  We 
need  not  expatiate  here  upon  the  advantages  which  medicine,  pharmacy, 
and  every  branch  of  industry  derive,  either  directly  or  indirectly,  from 
the  practical  application  of  its  results.  On  the  other  hand,  the  benefit 
thus  bestowed  by  quantitative  analysis  upon  the  various  sciences,  arts, 
<fec.,  has  been  in  a  measure  reciprocated  by  some  of  them.  Thus  whilst 
stoichiometry  owes  it«  establishment  to  quantitative  analysis,  the  sto'ichio- 
metric  laws  afford  us  the  means  of  controlling  the  results  of  our  analyses  sc 
accurately  as  to  justify  the  reliance  which  we  now  generally  place  on  them. 
Again,  whilst  quantitative  analysis  has  advanced  the  progress  of  arts  and 
industry,  our  manufacturers  in  return  supply  us  with  the  most  perfect 
platinum,  glass,  and  porcelain  vessels,  and  with  articles  of  india-rubbber, 
without  which  it  would  be  next  to  impossible  to  conduct  our  analytica] 
operations  with  the  minuteness  and  accuracy  which  we  have  now  attained. 
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Although  the  aid  whidi  quantitative  anaiyais  thus  derives  from  stoT- 
chiometry,  and  the  ai'ts  and  manufactures,  greatly  facilitates  its  practice, 
and  although  many  determinations  are  considerably  abbrieviated  by  vohi« 
metric  analysis,  it  must  be  admitted,  notwithstanding,  that  the  pursuit 
of  this  branch  of  chemistry  requires  considerable  expenditure  of  time. 
This  remark  appUes  especially  to  those  who  are  commencing  the  study, 
for  they  must  not  allow  their  attention  to  be  divided  upon  many  things 
at  one  time,  otherwise  the  accuracy  of  their  results  will  be  more  or  less 
injured.  I  woidd  therefore  advise  every  one  desirous  of  becoming  an 
analytical  chemist  to  arm  himself  with  a  considerable  share  of  patienjc, 
reminding  him  that  it  is  not  at  one  bound,  but  gradually,  and  step  by 
step,  that  the  student  may  hope  to  attain  the  necessary  certainty  in  his 
work,  the  indispensable  self-reliance  which  can  alone  be  founded  on  one's 
own  results.  However  mechanical,  protracted,  and  tedious  the  opera- 
tions of  quantitative  analysis  may  appear  to  be,  the  attainment  of 
accuracy  will  amply  compensate  for  the  time  and  labor  bestowed  upon 
them;  whilst,  on  the  other  hand,  nothing  can  be  more  disagreeable  than 
to  find,  after  a  long  and  laborious  process,  that  our  results  are  incorrect 
or  uncertain.  Let  him,  therefore,  who  would  render  the  study  of  quan- 
titative analysis  agreeable  to  himself,  from  the  very  outset  endeavor,  by 
strict,  nay,  scrupulous  adherence  to  the  conditions  laid  down,  to  attain 
correct  results,  at  any  sacrifice  of  time.  I  scarcely  know  a  better  and 
more  immediate  reward  of  labor  than  that  wliich  springs  from  the  at- 
tainment of  accurate  results  and  pei*fectly  corresponding  analyses.  The 
satisfaction  enjoyed  at  the  success  of  our  ^^fforts  is  surely  in  itself  a 
sufficient  motive  for  the  necessary  expenditure  of  time  and  labor,  evou 
without  looking  to  the  practical  benefits  which  we  may  derive  from  our 
operations. 

The  following  are  the  substances  treated  of  in  this  work : — 

I.  Metalloids,  or  Non-Metallic  Elements. 

Oxygen^  Wydrogen^  Stdphur,  [Selenium,^  Phosphorus^  Chlorinej 
Iodine^  JBro7niney  FltMrine^  Nitrogeny  Boron^  JSilicoTiy  Carbon. 

II.  Metals. 

JPotassiwm^  Sodium^  [Ijithiumy]  Sari^nhy  Strontium,  Calcium, 
J^agnesium^  Aluminium,  Chromium,  [Titaniwm^  Zinc,  Manganese, 
Nitkd,  Cobalt,  Iron,  [  Uranium,^  Silver,  Mercury,  Lead,  Copper,  JBis- 
muth,  Cadmium,  \^PaUadium,\  Goldy  PUUinum^  Tin,  Antimony, 
Arsenic,  \Molybd'env/m'\. 

(The  elements  enclosed  within  brackets  are  considered  in  supplement- 
%ry  para^aphs,  and  more  briefly  than  the  rest.) 


I  have  divided  my  subject  into  three  parts.  In  the  first,  I  treat  of 
quantitative  analysis  generally;  describing,  1st,  the  execution  of  analy- 
sis ;  and,  2d,  the  calculation  of  the  results  obtained.  In  the  second,  I 
give  a  detailed  description  of  several  special  analytical  processes.  And 
in  the  third,  a  number  of  carefully  selected  examples,  which  may  servo 
as  exercises  for  the  groundwork  of  the  study  of  quantitative  analysis. 


6  IHTRODUCTIOK. 

The  following  table  will  afford  the  reader  a  clear  and  definite  notion 
of  the  contents  of  the  whole  work  : — 

I.  GENERAL  PART. 
A — ^Execution  of  Analysis* 

1.  Operations. 

2.  Reagents. 

3.  Forms  and  combinations  in  which  bodies  are  separated  from  othei-Si 
or  in  which  their  weight  is  determined. 

4.  Determination  of  bodies  in  simple  compounds. 
6.  Separation  of  bodies. 

6.  Organic  elementary  analysis. 

B — Calculation  o?  the  Results. 

II.  SPECIAL  PART. 

1.  Analysis  of  waters. 

2.  Analysis  of  such  minerals  and  technical  products  as  are  most  fre* 
quently  brought  under  the  notice  of  the  chemist ;  including  methods  foi 
ascertaining  their  commercial  value. 

3.  Analysis  of  atmospheric  air. 

in.  EXERCISES  FOR  PRACTICL. 

APPENDIX. 

1.  Analytical  experiments. 

2.  Tables  for  the  calculation  of  analytical  resaltik 
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PART  I 


GENERAL   PART 


DIVISION  L 

THE  EXECUTION  OF  ANALYSIS. 

SECTION    L 

* 

OPERATIONS 

§1- 

Most  of  the  operations  performed  in  quantitative  research  are  the  same 
as  in  qualitative  analysis,  and  have  been  accm*dingly  described  in  my 
work  on  that  branch  of  analytical  science.  With  i-espect  to  such  opera- 
tions I  shall,  therefore,  confine  myself  hei-e  to  pointing  out  a:iy  modifica- 
tions they  uiay  require  to  adapt  them  for  application  in  tlxe  quantitative 
branch;  but  I  shall,  of  course,  give  a  full  description  of  such  as  are 
resorted  to  exclusively  in  quantitative  investigations.  Operations  form- 
ing merely  part  of  certain  specific  processes  will  be  found  desciibed  in 
the  prox>er  place,  under  the  head  of  such  processes. 

I.  Determination  op  Quantity. 

The  quantity  of  solids  is  usually  determined  by  weiglU;  the  quantity 
of  gases  and  fluids,  in  many  cases  by  mecusure  ;  upon  tlie  care  and  aoeu- 
racy  with  which  these  operations  are  perfoimed,  depends  the  value  of  all 
our  results ;  I  shall  therefore  dwell  minutely  upon  them. 

§  3. 
1,  Weiohino, 

To  enable  ns  to  determine  witli  precision  the  correct  weight  of  a 
snbstance,  it  is  indispensable  that  we  should  possess,  1st,  a  good  balance, 
and  2d,  accurate  weights. 

a.  The  Balance. 

Fig.  1  i-epresents  a  form  of  balance  well  adapted  for  analytical  pur- 
poses. There  are  several  points  respecting  the  construction  and  proper- 
ties of  a  good  balance,  which  it  is  absolutely  necessary  for  every  chemist 
to  understand.  The  usefulness,  of  this  instrument  depends  upon  two 
points :  1st,  its  aocwracy^  and  2d,  its  sennbUiti/  or  deHcacy, 
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Tte  AOCUBACY  of  a  balunce  depends  ui>oa  the  following  condiiions : — 
lu  The  fulcrvm  or  iJie  point  on  which  &e  beam  rttUi  miul  lie  above  Um 
c&ntre  of  gravity  of  the  balance. 


Tig.  I. 

This  is  in  (act  a  condition  essential  to  every  balance.  If  the  fulcrum 
verc  iilaced  tn  the  centre  of  gravity  of  the  balance,  the  beam  would  not 
oscillate,  but  remain  in  any  position  in  which  it  is  placed,  assuming  liie 
scales  to  be  equally  loaded.  If  the  fulcrum  be  placed  bdoio  the  centi'e 
of  gravity,  the  balance  will  be  overset  by  the  slightest  impulse. 

When  the  fulcrum  is  above  the  centre  of  gravity  the  balance  represents 
a  pendulum,  the  length  of  which  is  equal  to  that  of  the  line  uniting  the 
fuicnmi  witi  the  centre  of  gravity,  and  this  lino  forms  right  anjjles  with 
the  beam,  in  whatever  position  the  latter  may  be  placed.  Now  if  we 
impart  on  impetus  to  a  bait  suspended  by  a  thread,  tiie  ball,  after  having 
terminated  iw  vibrations,  will  invariably  test  in  ita  original  perjwndicular 
position  under  the  point  of  suspension.  It  is  the  same  with  a  properly 
adjusted  balance — impart  an  impetus  to  it,  and  it  will  oscillate  for  some 
time,  but  it  will  invariably  return  to  its  original  position ;  in  other 
woihIs,  its  centre  of  gravity  will  finally  fall  back  into  its  perpendicular 
position  under  tlie  fulcrum,  aud  the  beam  must  consequently  rtiassume 
the  horizontal  position. 

But  to  judge  corrf!CtIy  of  the  force  with  which  this  is  accompllEhed,  it 
must  bo  borne  in  mind  that  a  balance  is  not  a  simple  pendulum,  but  a 
compound  one,  t.  e.,  a  peuduluni  in  which  not  one,  but  many  material 
points  move  round  the  turning  point.  The  inert  mass  to  be  moved  is 
acooi'dtngly  equal  to  the  sum  of  these  points,  and  the  moving  force  ia 
equal  to  the  excess  of  the  material  points  below,  over  those  above  the 
fulcrum. 

8.  The  points  of  suapeTiaion  of  tlie  scaleg  must  be  on  an  exact  level  tail!* 
theftdcTum,  If  tlie  fulcrum  be  placed  below  the  line  joining  the  poinla 
of  suspension,  increased  loading  of  the  scales  will  continually  tend  to 
ruse  the  centre  of  gravity  of  the  whole  system,  so  as  to  bring  it  nearer 
and  nearer  tlie  fulcrum ;  the  weight  which  presses  upon  the  scales  com- 
bining in  the  relatively  high-placed  points  of  suspension ;  at  last,  whou 
the  scales  have  been  loaded  to  a  certain  degree,  the  centre  of  gravity 
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will  shift  altogether  to  the  fulcrum,  and  the  balance  will  conuequentl;)^ 
cease  to  vibrate — any  further  addition  of  weight  will  finally  overset  the 
l>eain  by  placing  the  centre  of  gravity  above  the  fulcrum.  If,  on  the 
other  hand,  the  fulcrum  be  placed  above  the  hne  joining  the  points  of 
suspension,  the  centre  of  gravity  will  become  more  and  more  depressed 
in  proportion  as  the  loading  of  the  scales  is  increased ;  the  line  of  the 
pendulum  will  consequently  be  lengthened,  and  a  greater  force  will  be 
required  to  produce  an  equal  turn ;  in  other  words,  the  balance  will 
grow  less  sensitive  the  greater  the  load.  But  when  l^e  three  edges  ara 
in  one  plane,  increased  loading  of  the  scales  will,  indeed,  continually 
tend  to  raise  the  centre  of  gravity  towards  the  fulcrum,  but  the  former 
can  in  this  case  never  entirely  reach  the  latter,  and  consequently  the 
balance  will  never  altogether  cease  to  vibrate  upon  the  further  addition 
of  weight,  nor  will  its  sensibility  be  lessened  ;  on  the  contrary — ^speak- 
ing theoretically — a  greater  degree  of  sensibility  is  imparted  to  it.  This 
increase  of  sensibility  is,  however,  compensated  for  by  other  circum- 
stances.    (See  §  5.) 

y,  Tlie  beam  must  he  mfftdently  rigid  to  hear  without  bending  tJte 
greatest  weight  UkU  tfie  const/ruction  of  ike  balance  admita  of  ^  since  the 
bending  of  the  beam  would  of  course  depress  the  points  of  suspension  so 
as  to  place  them  below  the  fulcrum,  and  this  would,  as  we  have  just 
seen,  tend  to  diminish  the  sensibility  of  the  balance  in  proportion  to  the 
increase  of  the  load.  It  is,  therefore,  necessary  to  avoid  this  fault  by  a 
proper  construction  of  the  beam.  The  form  best  adapted  for  beams  is 
that  of  an  isosceles  obtuse-angled  tiiangle,  or  of  a  rhombus. 

<5.  The  arms  of  tite  balance  must  be  of  equal  lengthy  i.  e.,  tlie  points  of 
s^ispeneion  must  be  equidistant  from  Hie  fidcram^  for  if  the  arms  are  of 
unequal  length  the  balance  will  not  be  in  equilibrium,  supposing  the 
scales  to  be  loaded  with  equal  weights,  but  there  will  be  preponderance 
on  the  side  of  the  longer  arm. 

§5. 

The  SENSIBILITY  of  a  balance  depends  principally  upon  the  three  fol- 
lowing conditions : — 

a.  TJie  friction  of  the  edges  upon  their  supports  must  be  as  slight  as 
possible.  The  greater  or  less  friction  of  the  edges  upon  their  supports 
depends  upon  both  the  form  and  material  of  those  psirts  of  the  balance, 
rhe  edges  must  be  made  of  good  steel,  the  supports  muy  be  made  of  the 
^me  material ;  it  is  better,  however,  that  the  centre  edge  at  least  should 
i-est  upon  an  agate  plane.  To  form  a  clear  conception  of  how  necessary 
it  is  that  even  the  end  edges  should  have  as  little  friction  as  possible, 
we  need  simply  reflect  upon  what  would  happen  were  we  to  ^yi  the  scales 
immovably  to  the  beam  by  means  of  rigid  rods.  Such  a  contrivance 
would  at  once  altogether  annihilate  the  sensibility  of  a  balance,  for  if  a 
weight  were  placed  upon  one  scale,  this  certainly  would  have  a  tendency 
to  sink ;  but  at  the  same  time  the  connecting  rods  being  compelled  to  form 
constantly  a  right  angle  with  the  beam,  the  weighted  scale  would  incline 
inwards,  whilst  the  other  scale  would  turn  outwards,  and  thus  the  arms 
would  become  unequal,  the  shorter  arm  being  on  the  side  of  the  weighted 
scale,  whereby  the  tendency  of  the  latter  to  sink  would  be  immediately 
compensated  for.  The  more  considerable  the  friction  becomes  at  the 
end  edges  of  a  balance,  the  more  the  latter  approaches  the  state  just 
now  described,  and  consequently  the  more  is  its  sensibility  impairecL 
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^.  Tfis  centre  of  gr<wity  muat  be  as  near  cu  possible  to  thefiUa^um, 
The  uearer  the  centre  of  gravity  i4)pn>aches  the  fulcrum,  the  shorter 
becomes  the  pendulum.  If  we  take  two  balls,  the  one  suspended  by  a 
shoi*t  and  the  other  by  a  long  thread,  and  impart  the  same  impetus  to 
both,  the  former  will  naturally  swing  at  a  far  greater  angle  from  its  [ler 
pendicular  positioh  than  the  latter.  The  same  must  of  coui'se  ]iai)pen 
with  a  balance  ;  the  same  weight  will  cause  the  scale  upon  which  it  is 
placed  to  turn  the  more  rapidly  and  completely,  the  shorter  the  distance 
between  the  centre  of  gravity  and  the  fulcrum.  We  have  seen  above, 
that  in  a  balance  where  the  three  edges  are  on  a  level  with  each  other, 
increased  loading  of  the  scales  will  continually  tend  to  raise  t))e  centre 
of  gravity  towards  the  fulcrum.  A  good  balance  will  therefore  become 
more  delicate  in  proportion  to  the  increase  of  wei^ts  placed  upon  its 
scales ;  but,  on  the  other  hand,  its  sensibility  will  be  diminished  in  about 
the  same  proportion  by  the  increment  of  ihe  mass  to  be  moved,  and  by 
the  increased  friction  attendant  upon  the  increase  of  load ;  in  other 
words,  the  delicacy  of  a  good  balance  will  remain  the  same,  whatever 
may  be  the  load  placed  upon  it.  The  nearer  the  centre  of  gravity  lies 
to  the  fulcrum,  the  slower  are  the  oscillations  of  the  balance.  Hence 
in  regulating  the  position  of  the  centre  of  gravity  we  must  not  go  too 
£sbr,  for  if  it  approaches  the  fulcrum  too  nearly,  the  operation  of  weigh- 
ing will  take  too  much  time. 

y.  The  beam  must  be  as  liglU  as  possible.  The  remarks  which  we  have 
just  now  made  will  likewise  show  how  far  the  weight  of  the  beam  may 
influence  the  sensibility  of  a  balance.  We  have  seen  that  if  a  balance 
is  not  actually  to  become  less  delicate  on  increased  loading,  it  must  on 
the  one  hand  have  a  tendency  to  become  more  delicate  by  the  continual 
approach  of  the  centre  of  gravity  to  the  fulcrum.  Now  it  is  evident, 
that  the  more  considerable  the  weight  of  the  beam  is,  the  less  will  an 
equal  load  placed  upon  both  scales  alter  the  centre  of  gravity  of  the 
whole  system,  the  more  slowly  will  the  centre  of  gravity  approach  the 
fulcrum,  the  less  will  the  increased  friction  be  neutralized,  and  conse- 
quently the  less  sensibility  will  the  balance  possess.  Another  point  to 
be  taken  into  account  here  is,  that  the  moving  forces  being  equal,  a 
lesser  mass  or  weight  is  more  readily  moved  than  a  greater.     (§  4  a). 

§6. 

We  will  now  proceed,  first,  to  give  the  student  a  few  general  rules  to 
guide  him  in  the  purchase  of  a  balance  intended  for  the  purposes  of 
quantitative  analysis ;  and,  secondly,  to  point  out  the  best  method  oi 
testing  the  accuracy  and  sensibility  of  a  balance. 

1.  A  balance  able  to  bear  70  or  80  grammes  in  each  scale,  suffices  for 
most  purposes. 

2.  The  balance  must  be  enclosed  in  a  glass  case  to  protect  it  from  dust. 
This  case  ought  to  be  sufficiently  large,  and,  more  especially,  its  sides 
should  not  appi'oach  too  near  the  scales.  It  must  be  constructed  in  a 
manner  to  admit  of  its  being  opened  and  closed  with  facility,  and  thus 
to  allow  the  operation  of  weighing  to  be  effected  without  any  disturbing 
influence  from  currents  of  air.  Therefore,  either  the  front  part  of  the 
case  should  consist  of  three  parts,  viz., .  a  fixed  centre  |>ajrt  and  two 
lateral  parts,  opening  like  doora ;  or,  if  the  front  part  happens  tr)  be 
made  of  one  piece,  and  arranged  as  a  sliding-door^  the  two  sides  of  the 
case  must  be  providet'.  f^^^^h  with  a  door. 
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3.  The  balance  must  I>e  provided  witk  a  proper  contriyanoe  to  rendei 
it  immoTiible  whilst  the  weights  ai*e  being  placed  upon  the  scale.  This  is 
most  commonly  effected  by  an  arrangement  which  enables  the  operator  to 
lift  up  the  beam  and  thus  to  remove  the  middle  edge  from  its  su])port, 
whilst  the  scales  remain  suspended. 

It  is  highly  advisable  to  have  the  case  of  the  balance  so  arranged  that 
the  contrivances  for  lifting  the  beam  and  fixing  the  scales  can  be  workec 
while  the  case  i-emains  closed,  and  consequently  from  without. 

4.  It  is  necessary  that  the  balance  sliould  be  provided  with  an  index  to 
mark  its  oscillations ;  this  index  is  appropriately  placed  at  the  bottom  of 
the  balance. 

5.  The  balance  must  be  provided  with  a  spirit  level,  to  enable  the 
operator  to  place  the  three  edges  on  an  exactly  horizontal  level ;  it  is  best 
also  for  this  pui-pose  that  the  case  should  rest  upon  three  screws. 

6.  It  is  very  desirable  that  the  beam  should  be  graduated  into  tenths,  so 
as  to  enable  the  operator  to  weigh  the  milligramme  and  its  fractious  with 
a  centigramme  "  rider,"  * 

7.  The  balance  must  be  provided  with  a  screw  to  regulate  the  centre  of 
gravity,  and  likewise  with  two  screws  to  i-egulate  the  equality  of  the  arms, 
and  finally  with  screws  to  restore  the  equilibiium  of  the  scales,  should 
this  have  been  disturbed. 

§7. 

The  following  experiments  serve  to  test  the  accuracy  and  sensibility  of 
a  balance. 

1.  The  balance  is,  in  the  first  place,  accurately  adjusted,  if  necessaiy, 
either  by  the  regulating  screws,  or  by  nieans  of  tinfoil,  and  a  niillignin.iiic 
weight  is  then  placed  in  one  of  the  scales.  A  good  and  i)racticMlly 
useftil  balance  must  turn  very  distinctly  with  this  weight ;  a  deli  cat  o 
chemical  balance  should  indicate  the  -^  of  &  milligramme  with  perfect 
distinctness. 

2.  Both  scales  are  loaded  with  the  maximum  weight  the  construction  of 
the  balance  will  admit  of — the  balance  is  then  accurately  adjusted,  anil  a 
milligramme  added  to  the  weight  in  the  one  scale.  This  ought  to  cause? 
the  balance  to  turn  to  the  same  extent  as  in  1.*  In  most  bahuict'K,  how- 
ever, it  shows  somewhat  less  on  the  index.  It  follows  from  §  5  /^  that  (lie 
balance  will  oscillate  more  slowly  in  this  than  in  the  first  experiment. 

3.  The  balance  Ls  accumtely  adjusted,  (should  it  be  necessary  to  esta- 
blisli  a  perfect  equilibrium  between  the  scales  by  loading  the  one  with  a 
minute  portion  of  tinfoil,  this  tinfoil  must  be  left  remaining  upon  the 
scale  during  the  experiment) ;  both  scales  are  then  equally  loaded,  say, 
with  fifty  grammes  each,  and,  if  necessary,  the  balance  is  again  adjusted 
(by  the  addition  of  small  weights).  The  load  of  the  two  scales  is  thxai 
interchanged,  so  as  to  transfer  that  of  the  right  scale  to  the  left,  and  vire 
versd,  A  balance  with  perfectly  equal  arms  must  maintain  its  absolute 
equilibrium  upon  this  interchange  of  the  weights  of  the  two  scales. 

4.  The  balance  is  accurately  adjusted  ;  it  is  then  arrested  and  again  set 
in  motion ;  the  same  process  should  be  repeated  several  times.  A  good 
balance  must  invariably  reassume  its  original  equilibrium.  A  balance 
the  end  edges  of  which  afford  too  much  play  to  the  hook  resting  upon 

*  [Becker'a  later  balances  have  beams  graduated  to  twelfths,  and  a  rider  weigh* 
hig  12  mgrs.  This  enables  the  operator  to  use  nearly  the  whole  of  the  gradua* 
tion.] 
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them,  80  as  to  allow  the  latter  slightly  to  alter  its  position,  will  show  per- 
ceptible differences  in  diflei'ent  trials.  This  fault,  however,  is  possible 
only  with  balances  of  defective  construction. 

A  balance  to  be  practically  nsefiil  for  the  purposes  of  quantitative  ana- 
lysis rmist  stand  the  fli-st,  second,  and  last  of  tliese  tests.  A  sliglit  in- 
equality of  the  arms  is  of  no  great  consequence,  as  the  error  that  it  would 
occasion  may  be  completely  prevented  by  the  manner  of  weighing. 

As  the  sensibility  of  a  balance  will  speedily  deci^ease  if  the  steel  edges 
are  allowed  to  get  nisty,  delicate  balances  should  never  be  kept  in  the 
laboiiitory,  but  always  in  a  sej^ai-ate  room.  It  is  also  advisable  to  place 
within  the  case  of  the  balance  a  vessel  half  filled  with  calcined  carbonate 
of  potassa,  to  keep  the  air  dry.  I  need  hardly  add  that  this  salt  must  be 
re-calcined  as  soon  as  it  gets  moist. 

§8.     ' 

b.  The  Weights. 

1.  The  French  gi-amme  is  the  best  standard  for  calcidation.  A  set  of 
weights  ranging  from  fifty  grammes  to  one  milligramme  may  be  considei*ed 
sufficient  for  all  pi-actical  purposes.  With  regard  to  the  set  of  weights,  it 
is  generally  a  matter  of  indifference  for  scientific  purposes  whether  the 
gramme,  its  multiples  and  fi-actions,  ai'e  really  and  perfectly  equal  to  the 
accurately  adjusted  normal  weights  of  the  cori'esponding  denouii  nations ;  * 
but  it  is  absolutely  necessary  that  they  should  agree  perfectly  with  pach 
other,  t.e.,  the  centigi-amme  weight  must  be  exactly  the  one  hiuidredth 
part  of  the  gramme  weight  of  the  set,  ifec.  &c, 

2.  The  whole  of  the  set  of  weights  should  be  kept  in  a  suitable,  well- 
closing  box  ;  and  it  is  desii*able  likewise  that  a  distinct  compartment  be 
approj)nated  to  every  one  even  of  the  smaller  weights. 

3.  As  to  the  shape  best  adai)ted  for  weights,  I  think  that  of  sliort  frusta 
of  cones  inverted,  with  a  handle  at  the  top,  the  most  convenient  and  pi-ac- 
tical  form  for  the  large  weights ;  square  pieces  of  foil,  turned  up  at  one 
comer,  are  best  adapted  for  the  small  weights.  The  foil  used  for  this  pur- 
pose should  not  be  too  thin,  and  the  compartments  adapted  for  the  recep- 
tion of  the  several  smaller  weights  in  the  box,  should  be  large  enough  to 
admit  of  their  contents  being  taken  out  of  them  with  facility,  or  else  tRe 
smaller  weights  will  soon  get  cracked,  bruised,  and  indistinct.  Every 
one  of  the  weights  (with  the  exception  of  the  milligramme)  should  be 
distinctly  marked. 

4.  With  respect  to  the  matei-ial  most  suitable  for  the  manufacture  of 
weights,  we  commonly  rest  satisfied  with  having  the  smaller  weights 
only,  from  1  or  0'5  gramme  downwards,  made  of  platinoni  or  aluminium 
foil,  using  brass  weights  for  all  the  higher  denominations.  Bniss  weights 
must  be  carefully  shielded  from  the  contact  of  acid  or  other  vapoi*s,  or 
their  correctness  will  be  impaired ;  nor  should  they  ever  be  touched  with 
the  fingers,  but  always  with  small  pincers.  But  it  is  an  erroneous  no- 
tion to  suppose  that  weights  slightly  tarnished  ai*e  unfit  for  use.     It  is, 

*  Still  it  would  be  desirable  that  mechanicians  who  make  gramme -weights  in 
tended  for  the  use  of  the  chemist,  should  endeavor  to  procure  normtil  weights. 
It  is  very  inconvemeat,  in  many  cases,  to  find  notable  differences  between  weights 
of  the  same  denomination,  but  coming  from  different  makers  ;  as  I  myself  have 
often  had  occasion  to  discover. 
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indeed,  hardly  possible  to  prevent  weights  for  any  very  great  length  of 
time  from  getting  slightly  tarnished.  I  have  carefully  examined  inany 
weights  of  this  description,  and  have  found  them  as  exactly  corresponding 
with  one  another  in  their  relative  proportions  as  they  were  wlien  first 
used.  The  tarnishing  coat,  or  incrustation,  is  so  extremely  thin,  that 
even  a  very  delicate  balance  will  generally  fail  to  point  out  any  per* 
ceptible  difference  in  the  weight. 

The  following  is  the  proper  way  of  testing  the  weights  : — 
One  scale  of  a  delicate  balance  is  loaded  with  a  one-gi-amme  weight, 
and  the  balance  is  then  completely  equipoised  by  taring  with  small 
pieces  of  brass,  and  finally  tinfoil  (not  paper,  since  tliis  absorbs 
moisture).  The  weight  is  then  removed,  and  replaced  successively  by 
the  other  gramme  weights,  and  afterwards  by  the  same  amount  of  weight 
in  pieces  of  lower  denominations. 

The  balance  is  carefully  scrutinized  each  time,  and  any  deviation  from 
the  exact  equilibrium  marked.  In  the  same  way  it  is  seen  whether  the 
two-gramme  piece  weighs  the  same  as  two  single  grammes,  the  five- 
gramme  piece  the  same  as  three  single  grammes  and  the  two-gramme 
piece,  <fec.  In  the  comparison  of  the  smaller  weights  thus  among  them- 
selves, they  must  not  show  the  least  difference  on  a  balance  turning  with 
yV  of  a  milligramme.  In  comparing  the  larger  weights  with  all  the  small 
ones,  ilifferences  of  y'^  to  ^  of  a  milligramme  may  be  passed  over.  If 
you  wish  them  to  be  more  accurate,  you  must  adjust  them  yoxirself.  In 
the  purchase  of  weights  chemists  ought  always  to  bear  in  mind  that  an 
accurate  weight  is  truly  valuable,  whilst  an  inaccurate  one  is  absolutely 
worthless.  It  is  the  safest  way  for  the  chemist  to  test  every  weight  he 
purchases,  no  matter  how  high  the  reputation  of  the  maker. 

§9.  ^ 
c.  The  Process  op  Weighing. 

We  have  two  different  methods  of  determining  the  weight  of  substan- 
ces ;  the  one  might  be  termed  direct  weighing^  the  other  is  called  tveighr 
ing  by  svhstitution. 

In  direct  weighing,  the  subst-ance  is  placed  upon  one  scale,  and  the 
weight  upon  the  other.  If  we  possess  a  balance,  the  ai-ms  of  which  are 
of  equal  length,  and  the  scales  in  a  perfect  state  of  equilibrium,  it  is  in- 
different upon  which  scale  the  substance  is  placed  in  the  several  weigh- 
ings Required  during  an  analytical  process  ;  ?'.e.,  we  may  weigh  upon  the 
right  or  upon  the  left  side,  and  change  sides  at  pleasure,  without  en- 
dangering the  accuracy  of  our  results.  But  if,  on  the  contrary,  the  arms 
of  our  balance  are  not  perfectly  equal,  or  if  the  scales  are  not  in  a  state 
of  perfect  equilibrium,  we  are  compelled  to  weigh  invariably  upon  the 
same  scale,  otherwise  the  correctness  of  our  results  will  be  more  or  less 
materially  impaired. 

Suppose  we  want  to  weigh  one  gramme  of  a  substance,  and  to  divide 
this  amount  subsequently  into  two  equal  parts.  Let  us  assume  our 
balance  to  be  in  a  state  of  perfect  equilibrium,  but  with  unequal  arms, 
the  left  being  99  millimetres,  the  right  100  millimetres  long;  we  place  a 
gi-amme  weight  upon  the  left  scale,  and  against  this,  on  the  right  scale, 
as  much  of  the  substance  to  be  weighed  as  will  restore  the  e([uilibrium 
of  the  balance. 

According  to  the  axiom,  "  masses  are  in  eqidlibrium  upon  a  lever,  if 
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the  products  of  llieir  weights  into  their  distances  from  tlie  fulcntni  &r« 
equal,"  we  have  consequently  ni)on  the  right  scale  0*99  grnu  of  substance, 
since  99  x  1*00=100  x  0'99.  If  we  now,  for  the  purpose  of  weighing  one 
half  the  quantity,  remove  the  whole  weight  fix>m  the  left  scale,  substitu- 
ting a  0'5  grin,  weight  for  it,  and  then  take  off  part  of  the  substance 
from  the  light  scale,  until  the  balance  recovpi*s  its  equilibiium,  thei-e  will 
remain  0*495  grm. ;  and  this  is  exactly  the  amount  we  have  wjmoved 
from  the  scale :  we  have  consequently  accomplished  our  object  with  re- 
spect to  the  relative  weight ;  and,  as  we  have  already  remarked,  the 
absolute  weight  is  not  generally  of  so  much  importance  in  scientific  work. 
But  if  we  attempted  to  halve  the  substance  which  we  have  on  the  light 
scale,  by  first  removing  both  the  weight  and  the  substance  from  the 
scales,  and  placing  subsequently  a  0'5  gi'm.  weight  upon  the  right  scale, 
and  part  of  the  substimce  upon  the  left,  until  the  balance  recovers  its 
equilibrium,  we  should  have  0*505  of  substance  upon  the  left  scale,  since 
100  X  0*500=99  X  0*505 ;  and  consequently,  instead  of  exact  halves,  we 
should  have  one  part  of  the  substance  amounting  to  0*505,  the  other  only 
to  0-485. 

If  the  scales  of  our  balance  are  not  in  a  state  of  absolute  equilibiium, 
we  are  obliged  to  weigh  our  substances  in  vessels  to  insure  accurate  re- 
sults (although  the  arms  of  the  balance  be  perfectly  equal).  It  is  self- 
evident  that  the  weights  in  this  case  must  likewise  be  iuvariably  placed 
upon  one  and  the  same  scale,  and  that  the  difference  between  the  two 
scales  must  not  undergo  the  slightest  variation  during  the  whole  course 
of  a  series  of  experiments. 

Fi*om  these  remarks  result  the  two  following  rules : — 

1.  It  is,  under  all  circumstances,  advisable  to  place  the  substance  in* 
variably  upon  one  and  the  same  scale — most  conveniently  upon  the  left. 

2.  If  the  operator  haj^pens  to  possess  a  balance  for  his  own  private  and 
txdueive  use,  there  is  no  need  that  he  should  adjust  it  at  the  commence- 
mont  of  every  analysis  ;  but  if  the  balance  be  used  in  common  by  several 
[)ersoiis,  it  is  absolutely  necessary  to  ascertain,  before  every  operation, 
whetlier  the  state  of  absolute  equilibrium  may  not  have  been  disturbed. 

Weighing  by  suhstiiution  yields  not  only  relatively/ ^  but  also  absolutely 
accurate  results* ;  no  matter  whether  the  arms  of  the  balance  be  of  exactly 
equal  lengths  or  not,  or  whether  the  scales  be  in  perfect  equipoise  or  not. 

The  process  is  conducted  as  follows :  the  material  to  be  weighed — say 
a  platinum  crucible — is  placed  upon  one  scale,  and  the  other  scale  is 
accurately  counteipoised  against  it.  The  platinum  crucible  is  th^n  re- 
moved, and  the  equilibrium  of  the  balance  restored  by  substituting 
weights  for  the  removed  crucible.  It  is  perfectly  o))vious  that  the  sub- 
stituted weights  will  invariably  express  tlie  real  woiglit  of  the  crucible 
with  absolute  accuracy.  We  weigh  by  substitution  whenever  we  require 
the  greatest  possible  accuracy ;  as,  for  instance,  in  the  deternunation  of 
atomic  weights.  The  process  may  be  materially  shortened  by  first  placing 
a  tare  (which  must  of  course  be  heavier  than  the  substance  to  b« 
weighed)  upon  one  scede,  say  the  left,  and  loading  the  other  scale  with 
weights  until  equilibrium  is  produced.  This  tai-e  is  always  retained  on 
the  left  scale.  The  weights  after  being  noted  are  removed.  The  sub- 
stance is  placed  on  the  right  scale,  together  with  the  smaller  weights  re- 
quisite to  restore  the  equilibrium  of  the  balance.  The  sum  of  tlie 
weights  added  is  then  subti*acted  from  the  noted  weight  of  the  counter- 
poise :  the  remainder  will  at  once  indicate  the  absolute  weight  of  the  sub- 
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stance.  Let  us  suppose,  for  instance,  we  liaye  on  the  left  scale  a  tare 
rec]uiring  a  weight  of  fifty  giummes  to  counterpoise  it.  We  place  a 
platinum  crucible  on  the  right  scale,  and  find  that  it  requires  an  addition 
of  weight  to  the  extent  of  10  grammes  to  counterpoise  the  tare  on  tlie 
left.     Accordingly,  the  crucible  weighs  50  minvs  10=40  grammes. 


§10. 

The  following  rules  will  be  found  useful  in  performing  the  process  of 
weighing : — 

1.  The  safest  and  most  expeditious  way  of  ascertaining  the  exact 
weight  of  a  substance,  is  to  avoid  trying  weights  at  random ;  instead  of 
this,  a  strictly  systematic  course  ought  to  be  pursued  in  counterpoising 
substances  on  the  balance.  Suppose,  for  instance,  we  want  to  weigh  a 
crucible,  the  weight  of  which  subsequently  turns  out  to  be  6*627  gram- 
mes ;  well,  we  place  10  grammes  on  the  other  scale  against  it,  and  we 
find  this  is  too  much ;  we  place  the  weight  next  in  succession,  i,  e.,  5 
grammes,  and  find  this  too  little ;  next  7,  too  much ;  6,  too  little ;  6*5, 
too  little;  6'7,  too  much;  6'6j  too  little;  6*65,  too  much;  6*62,  too 
little ;  6-63,  too  much  ;  6*625,  too  little ;  6-627,  right. 

I  have  selected  here,  for  the  sake  of  illustration,  a  most  complicated 
case ;  but  this  systematic  way  of  laying  on  the  weights  will  in  most  in- 
stances lead  to  the  desired  end,  in  half  the  time  required  when  weights 
are  tried  at  random.  After  a  little  practice  a  few  minutes  will  suffice 
to  ascertain  the  weight  of  a  substance  to  within  the  -jig-  of  a  milligramme, 
provided  the  balance  does  not  oscillate  too  slowly. 

2.  Tlie  millijyrammes  and  fractions  of  milligrammes  are  determined  by 
a  centigramme  rider  (to  be  placed  on  or  between  the  divisions  on  the 
beam)  far  more  expeditiously  and  conveniently  than  by  the  use  of  the 
weights  themselves,  and  at  the  same  time  with  equal  accuracy. 

3.  Particular  care  and  attention  should  be  bestowed  on  entering  the 
weights  in  the  book.  The  best  way  is  to  write  down  the  weights  first 
by  inference  from  the  blanks,  or  gaps  in  the  weight  box,  and  to  control 
the  entry  subsequently  by  removing  the  weights  from  the  scale,  and  re- 
placing them  in  their  respective  compartments  in  the  box.  The  student 
should  from  the  commencement  make  it  a  rule  to  enter  the  number  to 
be  deducted  in  the  lower  line  /  thus,  in  the  upper  line,  the  weight  of 
the  crucible  +  the  substance ;  in  the  lower  line,  tie  weight  of  the  empty 
crucible. 

4.  The  balance  ought  to  be  arrested  every  time  any  change  is  contem* 
plated,  such  as  removing  weights,  substituting  one  weight  for  another, 
Ac.  <kc,,  or  it  will  soon  get  spoiled, 

5.  Substances  (except,  perhaps,  pieces  of  metal,  or  some  other  bodies 
of  the  kind)  must  never  be  placed  directly  upon  the  scales,  but  ought  to 
be  weighed  in  appropriate  vessels  of  platinum,  silver,  glass,  porcelain, 
ifec.,  never  on  paper  or  card,  since  these,  being  liable  to  attract  moisture, 
are  apt  to  alter  in  weight.  The  most  common  method  is  to  weigh  in 
the  first  instance  the  vessel  by  itself,  and  to  introduce  subsequently  the 
substance  into  it ;  to  weigh  again,  and  subtract  the  former  weight  from 
the  latter.  In  many  instances,  and  more  especially  where  several  por- 
tions of  the  same  substance  are  to  be  weighed,  the  united  weight  of  tlie 
vessel  and  of  its  contents  is  first  ascertained ;  a  portion  of  the  contents 
is  then  shaken  out,  and  the  vessel  weighed  again ;  the  loss  of  weight 
expresses  the  amount  of  the  portion  taken  out  of  the  vessel. 
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6.  Substances  liable  to  attract  moisture  from  the  air,  mu&c  be  weighed 
invariably  in  closed  vessels  (in  covered  crucibles,  for  instance,  or  between 
two  watch-glasses,  or  in  a  closed  glass  tube) ;  fluids  are  to  be  weighed  in 
small  bottles  closed  with  glass  stoppers. 

7.  A  vessel  ought  never  to  be  weighed  whilst  warm,  since  it  will  in 
that  case  invariably  weigh  lighter  than  it  really  is.  This  is  owing  to 
two  circumstances.  In  the  first  place,  every  body  condenses  upon  its 
surface  a  certain  amount  of  air  and  moisture,  the  quantity  of  which 
depends  upon  the  temperature  and  hygroscopic  state  of  the  air,  and 
likewise  on  its  own  temperature.  Now  suppose  a  crucible  has  been 
weighed  cold  at  the  commencement  of  the  operation,  and  is  subsequently 
weighed  again  whilst  hot,  together  with  the  sitbstance  it  contains,  and  the 
weight  of  which  we  wish  to  determine.  If  we  subtract  for  this  purpose 
the  weight  of  the  cold  crucible,  ascertained  in  the  former  instance,  from 
the  weight  found  in  the  latter,  we  shall  subtract  too  much,  and  conse- 
quently we  shall  set  down  less  than  the  real  weight  for  the  substance. 
In  the  second  place,  bodies  at  a  high  temperature  are  constantly  com- 
municating heat  to  the  air  immediately  around  them ;  the  heated  air 
expands  and  ascends,  and  the  denser  and  colder  air,  flowing  towards  the 
space  which  the  former  leaves,  produces  a  current  which  tends  to  raise 
the  scale,  making  it  thus  appear  lighter  than  it  really  is. 

8.  If  we  suspend  from  the  end  edges  of  a  correct  balance  respectively 
10  grammes  of  platinum  and  10  grammes  of  glass,  by  wires  of  equal 
weight,  the  balance  will  assume  a  state  of  equilibrium  ;  but  if  we  sub- 
sequently immei-se  the  platinum  and  glass  completely  in  water,  this 
equilibrium  will  at  once  cease,  owing  to  the  diflerent  s{>ecific  gravity  of 
the  two  substances ;  since,  as  is  well  known,  substances  immersed  in 
water  lose  of  their  weight  a  quantity  equal  to  the  weight  of  their  own 
bulk  of  water.  If  this  be  borne  in  mind,  it  must  be  obvious  to  every 
one  that  weighing  in  the  air  is  likewise  defective,  inasmuch  as  the  bulk 
of  the  substance  weighed  is  not  the  same  with  that  of  the  weight.  This 
defect,  however,  is  so  very  insignificant,  owing  to  the  trifling  specific 
gravity  of  the  air  in  proportion  to  that  of  solid  substances,  that  we  may 
generally  disregard  it  altogether  in  analytical  experiments.  In  cases, 
however,  where  absolutely  accurate  results  are  required,  the  bulk  both 
of  the  substance  examined,  and  of  the  weight,  must  be  taken  into  ac- 
count, and  the  weight  of  the  coiTesponding  volume  of  air  added  respec- 
tively to  that  of  the  substance  and  of  the  weight,  making  thus  the  pro- 
cess equivalent  to  weighing  in  vacuo, 

§  11- 

2.  Measuring. 

The  process  of  measuring  is  confined  in  anal3rtical  researches  mostly  to 
gases  and  liquids.  The  method  of  measuring  gases  has  been  brought  to 
such  perfection  that  it  may  be  said  to  equal  in  accuracy  the  method  of 
weighing.  However,  such  accurate  measurements  demand  an  expendi- 
ture of  time  and  care,  which  can  be  bestowed  only  on  the  nicest  and  most 
delicate  scientific  investigations.* 

*  [The  student  who  will  practise  the  accurate  measurement  of  gases  in  any  but 
the  simplest  cases,  must  refer  for  all  details  to  Bunsen^a  "Gasometry  "  (trans- 
lated by  Roscoe),  and  Russell,  Jour.  Chem.  Soc,  18d8  p.  128,  as  the  subject  i» 
too  extensive  for  the  limits  of  this  volume.] 
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The  measnring  of  liquids  in  analytical  investigations  was  resorted  to 
first  by  Descroizilles  ("  Alkalimeter,"  1806).  Gay-Lussac  materially 
improved  the  process,  and  indeed  brought  it  to  the  highest  degree  of 
perfection  (measuring  of  the  solution  of  chloride  of  sodium  in  the  assay 
of  silver  in  the  wet  way).  More  recently  F.  Mohr*  has  bestowed  much 
caie  and  ingenuity  upon  the  production  of  appropriate  and  convenient 
measuring  apparatus,  and  has  added  to  our  store  the  eminently  practical 
compression  stop-cock  burette.  The  process  is  now  resoi-ted  to  even  in 
most  accumte  scientific  investigations,  since  it  I'equires  much  less  time 
than  the  process  of  weighing. 

The  accuracy  of  all  measurings  depends  upon  the  proper  constiiiction 
of  the  measuring  vessels,  and  also  upon  the  manner  in  which  the  process 
is  conducted. 

§  12. 
a.  The  Measxtrikg  of  Gases. 

"We  use  for  tho  measuiing  of  gases  graduated  tubes  of  greater  or  less 
capacity,  made  of  strong  glass,  and  closed  by  fusion  at  one  end,  which 
sliould  be  rounded.  The  following  tubes  will  be  found  sufficient  for  all 
the  processes  of  gas  measuring  required  in  organic  elementary  analyses. 

1.  A  bell-glass  capable  of  holding  from  150  to  250  c.  c,  and  about  4 
centimetres  in  diameter ;  divided  into  cubic  centimetres. 

2.  Five  or  six  glass  tubes,  about  12  to  15  millimetres  in  diameter  iu 
the  clear,  and  capable  of  holding  from  30  to  40  c.  c.  each,  divided  into 
t  c.  c. 

The  sides  of  these  tubes  should  be  pretty  thick,  otherwise  they  will 
be  liable  to  break,  especially  when  used  to  measure  over  mercury.  Tlie 
sides  of  the  bell-glass  should  be  about  3,  of  the  tubes  about  2  millimetres 
thick. 

The  most  important  point,  however,  in  connection  with  measuring  in- 
struments is  that  they  be  correctly  graduated,  since  upon  this  of  coui'se 
depends  the  accunvcy  of  the  results.  For  the  method  of  graduating  I 
refer  to  Greville  Williams'  **  Chemical  Manipulation."  f 

In  testing  the  measuring  tubes  we  have  to  consider  three  tilings. 

1.  t)o  the  divisions  of  a  tube  correspond  with  each  other? 

2.  Do  the  divisions  of  each  tube  correspond  with  those  of  the  other 
tubes? 

3.  Do  the  volumes  expressed  by  the  graduation  lines  correspond  with 
the  weights  used  by  the  analyst  ?  ' 

These  three  questions  are  answered  by  the  following  experiments : 
a.  The  tube  which  it  is  intended  to  examine  is  placed  in  a  perpendicu- 
lar position,  and  filled  gradually  with  accui-ately  measured  small  quanti- 
ties of  mercury,  care  Ixjing  taken  to  ascertain  with  the  utmost  precision 
whether  the  graduation  of  the  tube  is  proportionate  to  the  equal  vol- 
umes of  mercury  poured  in.  The  measuiing-off  of  the  mercury  is  effected 
by  means  of  a  small  glass  tube,  sealed  at  one  end,  and  ground  perfectly 
even  and  smooth  at  the  other.  This  tiibe  is  filled  to  overflowing  by  ini- 
meifiion  under  mercury,  care  being  taken  to  allow  no  air  bubbles  to 

■  **  Lehrbuch  der  Titrirmethode,"  by  Dr.  Fr.  Mohr.     Brunawick,  ia55. 
f  [See  also  Caiy  Lea  Am.  Jour.  ScL  and  Arts,  2d  ser.,  vol.  42,  p.  375.] 
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remaiu  in  it ;  tlie  excess  of  mercury  is  then  removed  by  pret-sing  a  small 
glass  plate  down  on  the  smooth  edge  of  the  tube.* 

h.  Different  quantities  of  mercury  are  successively  measured  off  in  one 
of  the  smaller  tubes,  and  then  transferred  into  the  other  tubes.  The  tubes 
may  be  considered  in  perfect  accordance  with  each  other,  if  the  mer- 
cury reaches  invariably  the  same  divisional  point  in  every  one  of  them. 

Such  tubes  as  are  intended  simply  to  determine  the  relative  volume  of 
different  gases,  need  only  pass  these  two  experiments ;  but  in  cases  whore 
we  want  to  calculate  the  welglU  of  a  gas  from  its  volume^  it  is  necessary 
also  to  obtain  an  answer  to  the  third  question.     For  this  purpose — 

c.  One  of  the  tubes  is  accurately  weighed  and  then  filled  with  distilled 
water  of  a  temperature  of  16°  to  the  last  mai*k  of  the  graduated  scale ; 
the  weight  of  the  water  is  then  accui-ately  determined.  If  the  tube 
agrees  with  the  weights,  every  100  c.  c.  of  water  of  16°  must  weigh  99*9 
grm.  But  should  it  not  agree,  no  matter  whether  the  eiTor  lie  in  the 
gi*aduation  of  the  tube  or  in  the  adjustment  of  the  weights,  we  must  ap- 
ply a  correction  to  the  volume  observed  before  calculating  the  weight  of 
a  gas  therefrom.  Let  us  suppose,  for  instance,  that  we  find  100  c.  c.  to 
weigh  only  99*6  grm. :  assuming  our  weights  to  be  correct,  the  c.  c.  of 
our  scale  are  accordingly  too  small ;  and  to  convert  100  of  these  c.c.  into 
nonnal  c.  c.  we  say : — 

99-9  :  99-6  : :  100  :  x. 

In  the  measuring  of  gases  we  tnust  have  regard  to  tJie  following 
points  : — 

1.  (/orrectreading-off.  2.  The  temperature  of  the  gas.  3.  The  degree 
of  pressure  operating  upon  it.  And  4.  The  circumstance  whether  it  is 
dry  or  moLst.  The  three  latter  points  will  be  readily  understood,  if  it 
be  borne  in  mind  that  any  alteration  in  the  temperature  of  a  gas,  or  in 
the  pressure  acting  upon  it,  or  in  the  tension  of  the  admixed  aqueous 
vapor,  involves  likewise  a  considerable  alteration  in  its  volume. 

§13. 

1.    COBKECT   liEADING-OFP. 

• 

This  is  rather  difficult,  since  mercury  in  a  cylinder  has  a  convex  sur- 
face (especially  observable  with  a  narrow  tube),  owing  to  its  own  cohe- 
sion ;  whilst  water,  on  the  other  hand,  under  the  same  circumstances  has 
a  concave  surface,  owing  to  the  attraction  w^hich  the  walls  of  the  tube 
exercise  upon  it.  The  cylinder  should  invariably  be  placed  in  a  perfectly 
perpendicular  position,  and  the  eye  of  the  operator  brought  to  a  level  with 
the  surface  of  the  fluid. 

In  reading-off  over  water,  the  middle  of  the  dark  zone  formed  by  thai 
portion  of  the  liquid  that  is  drawn  up  around  the  inner  walls  of  the 
tube,  is  assumed  to  be  the  real  surface ;  whilst  when  operating  with 
mercury,  we  have  to  place  the  real  surface  in  a  plane  exactly  in  th(« 
middle  between  the  highest  point  of  the  surface  of  the  mercury,  and 
the  points  at  which  the  latter  is  in  actual  contact  with  the  walls  of  the 
tube.     However,  the  results  obtained  in  this  way  are  only  approximate. 

Absolutely  accurate  results  cannot  be  arrived  at,  in  pleasuring  over 

*  As  warming  the  metal  is  to  be  carefully  avoided  in  this  process,  it  is  advi 
sable  not  to  hold  the  tube  with  the  hand  in  immeraing  it  in  the  mereiuy,  but  M 
fasten  it  in  a  small  wooden  holder. 
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water  or  any  olbor  fluid  that  adheres  to  glass.  But  o  'er  mercury  thoy 
may  be  arrived  at  if  the  error  of  the  meniscus  be  determined  and  the 
mercury  be  read  off  at  the  highest  point.  The  determination  of  the  crroi 
of  the  meniscus  is  performed  for  each  tube,  once  for  all,  in  the  following 
manner :  some  mercury  is  poured  into  the  tube,  and  its  height  read-off 
right  on  a  level  with  the  top  of  the  convex  surface  exhibited  by  it ;  a  few 
drops  of  solution  of  chloride  of  mercury  are  then  poured  on  the  top  of  the 
metal ;  this  causes  the  convexity  to  disappear ;  the  height  of  the  mercury 
in  the  tube  is  now  read-off  again  and  the  difference  noted.  In  the  process 
of  graduation,  the  tube  stands  upright,  in  that  of  measuring  gases,  it  is 
placed  upside  down ;  the  difference  observed  must  accordingly  be  doubled, 
and  the  sum  added  to  each  volume  of  gas  read  ofid 

§!*• 
2.  Influence  of  Temfebatube. 

The  temperature  of  gases  to  be  measured  is  determined  either  by 
making  it  correspond  with  that  of  the  confining  fluid,  and  ascertaining 
the  latter,  or  by  suspending  a  delicate  thermometer  by  the  side  of  the 
gas  to  be  measured,  and  noting  the  degree  which  it  indicates. 

If  the  construction  of  the  pneumatic  apparatus  permits  the  total  im- 
mersion of  the  cylinder  in  the  confining  fluid,  uniformity  of  tempe- 
rature between  the  latter  and  the  gas  which  it  is  intended  to  measure, 
is  most  readily  and  speedily  obtained ;  but  in  the  reverse  case,  the 
operator  must  always,  after  every  manipulation,  allow  half  an  hour  or, 
in  operations  combined  with  much  heating,  even  an  entire  hour  to  elapse, 
before  proceeding  to  observe  the  state  of  the  mercury  in  the  cylinder, 
and  in  the  thermometer. 

Proper  care  must  also  be  taken,  after  the  temperature  of  the  gas  has 
been  duly  adjusted,  to  prevent  re-expansion  during  the  reading-off ;  all 
injurious  influences  in  this  respect  must  accordingly  be  carefully  guarded 
against,  and  the  operator  should,  more  especially,  avoid  laying  hold  of 
the  tube  with  his  hand  (in  pressing  it  down,  for  instance,  into  the  con* 
fining  fluid) ;  making  use,  instead,  of  a  wooden  holder. 

§15. 
3.  Influence  of  Pressure. 

With  regard  to  the  third  point,  the  gas  is  under  the  actual  pressure  of 
the  atmosphere  if  the  confining  fluid  stands  on  an  exact  level  both  in  and 
outside  the  cylinder ;  the  degree  of  pressure  exerted  upon  it  may  therefore 
at  once  be  ascertained  by  consulting  the  barometer.  But  if  the  confining 
fluid  stands  higher  in  the  cylinder  than  outside,  the  gas  is  under  less 
pressure, — if  lower,  it  is  under  greater  pressure  than  that  of  the  atmo- 
sphere ;  in  the  latter  case,  the  perfect  level  of  the  fluid  inside  and  outsido 
the  cylinder  may  readily  be  restored  by  raising  the  tube ;  if  the  flidd 
stands  higher  in  the  cylinder  than  outside,  the  level  may  be  restored  by 
depressing  the  tube  ;  this  however  can  only  be  done  in  cases  where  we 
have  a  trough  of  sufficient  depth.  When  operating  over  water,  the  level 
may  in  most  cases  be  readily  adjusted  ;  when  operating  over  mercury,  it 
iJB,  more  eapeoially  with  wide  tubes,  often  impossible  to  bring  the  fluid  to 
*  peiiect  level  inside  and  outside  the  cylinder. 
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§  16. 
4.  Influence  of  Moisture. 

In  mcasMiiiig  gases  saturated  with  aqueous  vapor,  it  must  be  taker 
into  account  that  the  vapor,  bj  virtue  of  its  tension,  exerts  a  pre8sui*e 
upon  the  confining  flidd.  The  necessary  correction  is  simple,  since  we 
know  the  respective  tension  of  aqueous  vapor  for  the  various  degrees  of 
temperature.  But  before  this  correction  can  be  applied,  it  is,  of  coui  se, 
necessary  that  the  gas  should  be  actually  saturated  with  the  vapor.  It 
is,  therefore,  indispensable  in  measuring  gases  to  take  care  to  have  the 
gas  thoroughly  saturated  with  aqueous  vapor,  or  else  absolutely  dry. 

It  is  quite  obvious  from  the  preceding  remarks,  that  volumes  of  gases 
can  be  compared  only  if  measured  at  the  same  temperature,  under  the 
same  pressui*e,  and  in  the  same  hygi*oscopic  state.  They  are  genei*ally 
reduced  to  0°,  0*76  met.  barometer,  and  absolute  dryness.  How  this  is 
effected,  as  weU  as  the  manner  in  which  we  deduce  the  weight  of  gases 
&'om  their  volume,  wiU  be  found  in  the  chapter  on  the  calculation  of 
analyses. 

§  17. 
6.  The  Measurinq  of  Fluids. 

In  consequence  of  the  vast  development  which  volumetric  analysis  haa 
of  late  acquired,  the  measuring  of  fluids  has  become  an  operation  of  very 
frequent  occurrence.  According  to  the  different  objects  in  view,  vaiious 
kinds  of  measuring  vessels  ai'e  employed.  The  operator  must,  in  the 
case  of  every  measuring  vessel,  carefully  distinguish  whether  it  is 
graduated  for  Jiolding  or  for  delivering  the  exact  number  of  c.  c.  marked 
on  it.  If  you  have  made  use  of  a  vessel  of  the  former  description  in 
measuring  off  100  c.  c;  of  a  fluid,  and  wish  to  transfer  the  latter  com- 
pletely to  another  vessel,  you  must,  after  emptying  your  measuring 
vessel,  rinse  it,  and  add  the  rinsings  to  the  fluid  transferred ;  whereas, 
if  you  have  made  use  of  a  measuring  vessel  of  the  latter  description, 
there  must  be  no  rinsing. 

a.  Measuring  vessels  graduated  for  holding  the  exact  measure 

OF  fluid  marked  oy  THEM. 

aa,  Mecuwring  vessels  which  serve  to  measure  atU  one  definite  quantity 
of  Jluid. 

We  use  for  this  purpose — 

§18. 
1.  Measuring  JF tasks* 

Fig.  2  represents  a  measuring  flask  of  the  most  practical  and  con- 
venient form. 

Measuring  flasks  of  various  sizes  are  sold  in  the  shops,  holding 
respectively  200,  250, 500, 1000,  2000,  <fec.,  c.  c.  As  a  general  rule,  they 
have  no  ground-glass  stoppers ;  it  is,  however,  very  desirable,  in  certain 
cases,  to  have  measuring  flasks  with  ground  stoppers.  The  flasks  must 
le  made  of  well-annealed  glass  of  uniform  thickness,  so  that  fluids  may 
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Fig.  2. 


De  heated  in  them.     The  Une-mark  should  be  placed  within  the  lowei 
thii^d,  or  at  least  within  the  lower  half,  of  the  neck. 

Measuring  flasks,  before  they  can  properly  be  employed  in  analytical 
operations,  must  first  be  careRilly  tested.  The  best  and  simplest  way 
of  effecting  this  is  to  proceed  thus : — ^Put  the  flask, 
perfectly  dry  inside  and  outside,  on  the  one  scale  of 
a  sufficiently  delicate  balance,  together  with  a  weight  of 
1000  grm.  in  the  case  of  a  litre  flask,  500  grm.  in  the 
case  of  a  half-litre  flask,  &c.,  restore  the  equilibrium  by 
placing  the  requisite  quantity  of  shot  and  tinfoil  on  the 
other  scale,  thon  remove  the  flask  and  the  weight  from 
the  balance,  put  the  flask  on  a  perfectly  level  surface, 
and  pour  in  distilled  water  of  16°,*  until  the  lower 
border  of  the  dark  zone  formed  by  the  top  of  the 
water  around  the  inner  walls  corresponds  with  the 
line-mark.  After  having  thoroughly  dried  the  neck 
of  the  flask  above  the  mark,  replace  it  upon  the  scale : 
if  this  restores  the  perfect  equilibrium  of  the  balance, 
the  water  in  the  flask  weighs,  in  the  case  of  a  litre- 
measure,  exactly  1000  grm.  If  the  scale  bearing  the 
flask  sinks,  the  water  in  it  weighs  as  much  above  1000 
grm.  as  the  additional  weights  amount  to  which  you  have  co  put  in  the 
other  scale  to  restore  the  equilibrium ;  if  it  rises,  on  the  other  hand, 
the  water  weighs  as  much  less  as  the  weights  amount  to  which  you 
have  to  put  in  the  scale  with  the  flask  to  eflect  the  same  end. 

If  the  water  in  the  litre-measure  weighs  999  grm.,f  in  the  half-litre 
measure,  499*5  grm.,  &c.,  the  measuring  flasks  are  correct.  Differences 
up  to  0*100  grm.,  in  the  litre  measure,  up  to  0*070  grm.  in  the  half-litre 
measure, .  and  up  to  0*050  grm.  in  the  quarter-litre  measure,  are  not 
taken  into  account,  as  one  and  the  same  measuring-flask  will  be  found 
to  offer  variation  to  the  extent  indicated,  in  repeated  consecutive  weigh* 
ings,  though  filled  each  time  exactly  up  to  the  inai'k  with  water  of  the 
same  temperature. 

Though  a  flask  should,  upon  examination,  turn  out  not  to  hold  the 
exact  quantity  of  water  which  it  is  stated  to  contain,  it  may  yet  possibly 
agree  with  the  other  measuring  vessels,  and  may  accordingly  still  be 
perfectly  fit  for  use  for  most  purposes.  Two  measuring  vessels  agree 
among  themselves  if  the  marked  Nos.  of  c.  c.  bear  the  same  propor- 

*  To  use  water  in  the  state  of  ite  hig^hest  density,  viz.,  of  4"^,  1  c.  c.  of  which 
weighs  exactly  1  grm.,  and,  accordingly,  1  litre,  exactly  1000  grms.,  is  less  prac- 
tical, as  the  operations  must  in  that  case  be  conducted  in  a  room  as  cold ;  since. 
In  a  warmer  room,  the  outside  of  the  flask  wonld  immediately  become  covered 
with  moisture,  in  consequence  of  the  air  cooling  below  dew-point.  Nor  can  I 
recommend  F.  Mohr^s  suggestion  to  make  litre-flasks,  and  measuring  vessels  in 
general,  upon  a  plan  to  make  the  litre -flask,  for  instance,  hold,  not  1000  grm. 
water  at  4%  but  1000  grm.  at  16^*,  since  in  an  arrangement  of  the  kind  proper 
regard  is  not  paid  to  the  actual  meaning  of  the  term  **  litre  "  in  the  scientific 
world  ;  and  measuring-vessels  of  the  same  nominal  capacity,  made  by  different 
instniment-makers,  are  thus  liable  to  differ  to  a  g^reater  or  less  extent  One  litre- 
flask,  according  to  Mohr,  holds  1001*2  standard  c.  c.  I  consider  it  impractical 
to  g^ve  to  the  c .  c .  another  signification  in  vessels  intended  for  measuring  fluids 
than  in  vessels  used  for  the  measuring  of  g^aaes,  which  latter  demand  strict  ad- 
hesion to  the  standard  c .  c . ,  as  it  is  often  required  to  deduce  the  weight  of  t 
I'as  by  calculating  from  the  volume. 

t  With  absolute  accuracy,  998*081  grm. 
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uou  to  each  o!her  as  the  weights  fouml ;  ihus^  for  instanop,  supposing 
your  lil  re-measure  to  hold  998  grm.  water  of  16°,  and  your  50  c.  c 
pipette  to  deliver  49*9  grm.  water  of  the  same  temperature,  the  two 
measures  agree,  since 

1000  :  50=998  :  49-9. 

To  prepare  or  correct  a  measuring  flask,  tare  the  dry  litre,  half  litre, 
or  quarter-litre  flask,  and  then  weigh  into  it,  by  substitution  (§  9) 
999  grm.,  or,  as  the  case  may  be,  the  half  or  quarter  ^{  that  quantity  of 
distilled  water  of  16°.  Put  the  flask  on  a  perfectly  hoi*L&ontal  support, 
place  your  eye  on  an  exact  level  with  the  surface  of  the  water,  and  mark 
the  lower  border  of  the  dark  zone  by  two  little  dots  made  on  the  glass 
Math  a  point  dipped  into  thick  asphaltum  varnish,  or  some  other  sub- 
stance of  the  kind.  Now  \)our  out  the  water,  place  the  flask  in  a  con- 
venient position,  and  cut  with  a  diamond  a  fine  distinct  line  into  the 
glass  from  one  dot  to  the  other. 

bh.  Measuring  vessds  whicJi  serve  to  measure  out  any  qiuintUies  of 
Jluid  at  will, 

§19. 
2.   The  Gradtiated  Cylinder. 

This  instrument,  represented  in  fig.  3,  should  be  from  2 
to  3  cm.  wide,  of  acapacity  of  100 — 300  c.  c,  and  divideil 
into  single  c.  c.  It  must  be  ground  at  the  top,  that  it  may 
be  covered  quite  close  with  a  ground-glass  plate.  The 
measuring  with  such  cylinders  is  not  quite  so  accurate  as 
with  measuiing  flasks,  as  in  the  latter  the  volume  is  read 
off  in  a  narrower  part.  The  accuracy  of  measuring  cylin- 
ders may  be  tested  in  the  same  way  as  in  the  case  of  mea- 
suring  flasks,  viz.,  by  weighing  into  them  water  of  16°  j 
or,  also,  very  well,  by  letting  definite  quantities  of  fluid 
flow  into  the  cylinder  from  a  correct  pipette,  or  burette 
gi'aduated  for  delivering,  and  observing  whether  or  not  they 
are  correctly  indicated  by  the  scale  of  the  cylinder. 

0.  Measuring  vessbi^  graduated  for  delivering  thi 

EXACT   MEASURE   OF   FLUID   HARKED   ON   THEM    (graduated  d 

Fig.  8.         Vecoulement). 

aa.  Measuring  vessels  which  serve  to  measure  out  one  definite  qutm» 
tity  offiuid. 

§20. 
3.   The   Graduated  JPipette. 

This  instrument  serves  to  take  out  a  definite  volume  of  a  fluid  from 
one  vessel,  and  to  transfer  it  to  another ;  it  must  accordingly  be  of  a 
suitable  shape  to  admit  of  its  being  freely  inserted  into  flasks  and  bottler. 

We  use  pipettes  of  1,  5,  10,  20,  50,  100,  150,  and  200  c.  c.  capacity. 
The  proper  shape  for  pipettes  up  to  20  c.  c.  capacity  is  represented  in 
fig.  4  ;   fig.  5  showiB  *^  '     '"'*"+  practical  foim  for  larger  ones.     To  fill  a 
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pijwtte  suction  w  aijplied  to  tho  upper  ftperture,  either  direetty  witli  tli« 
lips  Of  tlu'ough  a.  caoutchouc-tubB,  until  the  fluid  BtandB  above  the  maik; 
the  upper  orifice  (which  is  somewliat  narroirad  and   ground)   is  llieii 
closed  with  the  first  finger  of  the  right 
hand  (the  point  of  which  should  be  a 
little  moiet) ;  the  autude  in  then  wiped 
drj,  if  required,  and,  the  pipette  being 
held  in  a   perfectly   vertical    dii'ection, 
the  fluid  is  made  to  drop  out,  by  lift- 
ing the  finger  a  little,  till  it  has  fallen  • 
to  the  required  leve! ;  the  loose  drop  ia 
carefully  wiped  otT,  and  the  contents  of 
the  tube  are  then  fiimlly  transferi-ed  to 
the  other  ves^l.     In  this  process  i< 
found  that  the  fluid  does  not  rtin  i 
completely,  but  that  a  small  jiortion  of 
it  remnins  adhering  to  tho  gja^  in  the 
point  of  the  pipette;    after  a  time,  as 
this  becomes  increased  by  other  minute 
particles  of  fluid  trickling  down  from  the 
upper  part  of  the  tube,  a  drop  gathers 
at  the  lower  oiiflce,  which  may  be  al-        JOCC 
lowed  to  fall  ofl"  from  its  own  w^cight, 
or  may  be  made  to  drop  off"  by  &  alight 
ehake.     If,  after  this,  thp  point  of  the   ; 
pipettp  be  laid  against  a  nicist  porti 
of  the  inner  side  of  the  vessel,  another  [ 
minute  portion  of  fluid  will  trickle  out,  H 
and,  lastly,  another  trifling  droplet  or  so 
may  be  got  out  by  blondng  into  the  pi- 
pette.     Now,  sup|)oBing  the    o]ierator 
foUowy  no  fixed  rule  iu  this  i-es^tect,  l<-t-  || 
ting  tlie  fluid,  for  instance,  in  one  opi 
tiou  simply  run  out,  whilst  iu  anot 
operation  he  lets   it   drain    aftei-wards, 
and  in  a  third  blows  out  the  last  pa 
cles  of  it  from  the  pipette,  it  is  evident 
that  the  respective  quantities  of  fluid 
delivered  in  the  several  opewtions  can-  "»•  4       i^.  1^  Pig-  •■ 

not  be  quit«  equal.    I  prefer  in  all  casea 

the  second  method,  viz.,  to  lay  :he  point  of  the  pipette,  whilst  draining, 
fimilly  against  a  moist  portion  of  the  tide  of  tho  vessel,  which  I  have 
always  found  to  give  the  most  accurately  corresponding  measurements. 

The  correctness  of  a  pipette  is  tested  by  filling  it  up  to  the  mark  with 
distilled  water  of  10°,  letting  the  water  run  out^  in  the  manner  jurt 
stated,  into  a  Uaed  vensel,  and  weighing ;  the  pipette  may  be  pro- 
nounced correct  if  100  c.  c.  of  water  of  16°  weigh  99-9  grm. 

Testing  in  like  manner  the  accuracy  of  the  measurements  made  with 
ft  simple  hand  pipette,  we  find  tliat  one  and  the  same  pipette  will  in 
repeated  conHecutive  weighings  of  the  contents,  though  filled  and  emptied 
each  time  with  tho  minutest  care,  show  differences  up  to  O'OIO  gi'm.  for 
10  C.  c.  capacity,  up  to  0040  grm.  for  50  c,  c.  capacity. 

The  accuracy  of  the  nieasurements  made  with  n  pipette  may  b« 
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heightened  by  giving  the  uistniment  the  form  and  construction  slu^wn  ir 
fig.  6y  and  fixing  it  to  a  holder. 

It  will  be  seen  from  the  drawing  that  these  pipettes  are  emptied  only 
to  a  certain  mark  in  the  lower  tube,  and  that  they  are  provided  with 
a  compression  stop-cock,  a  contrivance  which  we  shall  have  occasion  to 
describe  in  detail  when  on  the  subject  of  burettes.  This  contrivance 
reduces  the  differences  of  measurements  with  one  and  the  same  50  c.  c. 
pipette  to  0*005  grm. 

Pipettes  are  used  more  especially  in  cases  where  it  is  intended  to 
estimate  different  constituents  of  a  substance  in  sepai-ate  portions  of  the 
Same :  for  instance,  10  grm.  of  the  substance  under  examination  ai-e  dijE;- 
solved  in  a  250  c.  c.  flask,  the  solution  is  diluted  up  to  the  mark,  shaken, 
and  2,  3,  or  4  several  portions  are  then  taken  out  with  a  50  c.  c.  pii)8tte 
Each  portion  consists  of  |  part  of  the  whole,  and  accordingly  contains  2 
grm.  of  the  substance.  Of  coui-se  the  pipette  and  the  flask  must  be  in 
perfect  harmony.  Whether  they  are  may  be  ascertained  by,  for  instance, 
emptying  the  50  c.  c.  pipette  5  times  into  the  250  c.  c.  flask,  and  observ- 
ing if  the  lower  edge  of  the  dark  zone  of  fluid  coincides  with  the  mai*k. 
If  it  does  not,  you  may  make  a  fresh  mark,  which,  no  matter  whether 
it  is  really  correct  or  not,  will  bring  the  two  instruments  in  question 
into  conformity  with  each  other. 

Cylindncal  pipettes,  graduated  throughout  their  entire  length,  may  be 
used  also  to  measure  out  any  given  quantities  of  liquid  ;  however,  these 
instruments  can  properly  be  employed  only  in  processes  where  minute 
accuracy  is  no^<  indispensable,  as  the  limits  of  error  in  reading  off  the 
divisions  in  the  wider  part  of  the  tube  are  not  inconsiderable.  For 
smaller  quantities  of  liquid  this  inaccuracy  may  be  avoided,  by  making 
the  pipettes  of  tubes  of  uniform  width,  having  a  small  diameter  only, 
and  narrowed  at  both  ends.     (Fr.  Mohr's  measuring  pipettes.) 

When  a  fluid  runs  out  of  a  pipette,  drops  sometimes  remain  here  and 
there  adhering  to  the  tube  ;  this  arises  from  a  film  of  fat  on  the  inside ; 
it  may  be  removed  by  keeping  the  instrument  some  time  filled  with  a 
^  solution  of  bichromate  of  potassa  mixed  with  sulphuric  acid. 

bb,  Measv/ring  vessels  which  serve  to  measure  out  quantifies  ofjluid  at 
will. 


4.   The  burette. 

Of  the  various  foims  and  dispositions  of  this  instrument,  the  following 
appear  to  me  the  most  convenient : — 

§21. 

L  Moh'^s  Burette,  (Compression  cock  burette.) 

For  this  excellent  measuring  apparatus,  which  is  represented  in  fig.  7, 
we  are  indebted  to  Fr.  Mohr.  It  consists  of  a  cylindrical  tube,  nar- 
rower towards  the  lower  end  for  about  an  inch,  with  a  slight  widening, 
however,  at  the  extreme  point,  in  order  that  the  caoutchouc  connector 
may  take  a  firm  hold.  I  only  use  burettes  of  two  sizes,  viz.,  of  30  c.  c, 
divided  into  ^  c.  c. ;  and  of  50  c.  c.  divided  into  ^  c.  c.  The  former  I 
employ  principally  in  scientific,  the  latter  chiefly  in  technical  investi* 
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gatioDB.  The  usual  leogth  of  laj  30  c.  c.  bnrette  is  about  50  cid.  ;  the 
graduated  portion  occupies  about  49  cm.  The  diameter  of  the  tube  in 
acfiordinglj  about  10  mui.  iu  the  clear;  the  upper  orifice  is,  for  the  con- 
venience of  filling,  widened  in  foim  of  a  funnel,  measuring  2U  mm.  in 
diameter;  the  width  of  the  lower  oritice  ia  6  mm.  For  very  delicute 
processes,  the  length  of  the  graduated  portion  may  be  extended  to  50  or 
52  cm.,  leaving  thus  intervals  of  nearl<f  2  mm.  between  the  smal]  divi- 
idonal  lines.  In  my  50  o.  o.  burettes  the  graduated  portion  of  the  tuha 
is  generally  40  cm.  bug. 


Hj.  T. 

To  make  the  instrument  ready  for  use,  the  narrowed  lower  end  of  th« 
tube  is  warmed  a  little,  and  greased  with  tallow ;  a  caoutchouc  tube, 
about  30  mm.  long,  and  having  a  diameter  of  3  mm.  in  the  clear,  is  then 
drawn  over  iv;  into  the  other  end  of  this  b  inserted  a  tube  of  pretty 
thick  glass,  about  40  nun.  long,  and  drawn  out  to  a  tclerablv  fine  point; 
U  IB  advisable  to  slightly  widen  the  upper  end  of  this  tube  also,  and  to 
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cover  it  witli  a  tihin  iX)at  of  tallow ;  and  also  to  tie  linen-thread,  or  twin«^ 
round  both  ends  of  the  connector,  to  insure  perfect  tightness. 

The  space  between  the  lower 
orifice  of  the  burette  and  the 
upper  orifice  of  the  small  deli- 
very tube  should  be  about  15 
mm.  The  india-rubber  tube  is 
now  pressed  together  between 
the  ends  of  the  tubes  by  the 

compression-cock  (or  clip).  Thia 

— .     g  ^^^      latter  instrument  is  usually  made 

^'    '  out  of  brass  wire ;  the  form  re- 

presented in  fig.  8  was  given  by  Mohr. 

A  good  clip  must  pinch  so  tight  that  not  a  particle  of  fluid  can  make 
its  way  through  the  connector  when  compressed  by  it ;  it  must  be  so  con- 
structed that  the  analyst  may  work  it  with  perfect  facility  and  exactness, 
so  as  to  regulate  the  outflow  of  the  liquid  with  the  most  rigorous  accu- 
racy, by  bringing  a  higher  or  less  degree  of  pressure  to  bear  upon  it. 

For  supporting  Mohr's  burettes,  I  use  the  holder  represented  in  fig. 
7 ;  this  instrument,  whilst  securely  confining  the  tube,  permits  its  being 
moved  up  and  down  with  perfect  freedom,  and  also  its  being  taken  out, 
without  interfering  with  the  compression  cock.  The  position  of  the  bu- 
rette must  be  strictly  perpendicular,  to  insure  which,  care  must  be  taken 
to  have  the  grooves  of  the  cork  lining,  which  are  intended  to  receive  the 
tube,  perfectly  vertical,  with  the  lower  board  of  the  stand  in  a  horizon- 
tal position. 

To  charge  the  burette  for  a  volumetrical  operation,  the  point  of  the 
instrument  is  inimei-sed  in  the  liquid,  the  compression-cock  opened,  and 
a  little  liquid,  suliicieut  at  les^t  to  reach  into  the  bui*ette  tube,  sucked 
up  by  applying  the  mouth  to  tlie  upper  end ;  the  cock  is  then  closed,  and 
the  Hquid  poured  into  the  burette  until  it  reaches  up  to  a  little  above 
the  top  mark.  The  burette  having,  if  required,  been  duly  adjusted  in 
the  proper  vertical  position,  the  liqtlid  is  allowed  to  drop  out  to  the  ex- 
act level  of  the  top  mark.  The  insti-ument  is  now  ready  for  use.  When 
as  mucli  liquid  has  fiowed  out  as  is  required  to  attain  the  desired  object, 
the  analyst,  before  proceeding  to  read  off  the  volume  used,  has  to  wait  9 
few  minutes,  to  give  the  particles  of  fluid  adliering  to  the  sides  of  the 
emptied  portion  of  the  tube  proper  time  to  run  down.  This  is  an  indis- 
pensable part  of  the  operation  in  accurate  measurements,  since,  if  neg- 
lected, an  experiment  in  whicli  the  standard  liquid  in  the  burette  is  added 
slowly  to  the  fluid  under  examination  (in  which,  accordingly,  the  minute 
particles  of  fluid  adhering  to  the  glass  have  proper  time  afforded  them 
during  the  operation  itself  to  run  down),  will,  of  course,  give  slightly 
different  results  from  those  arrived  at  in  another  experiment,  whei'e  the 
larger  portion  of  the  standard  fluid  is  applied  rapidly,  and  the  last  few 
drops  alone  are  added  slowly. 

Tlie  way  in  which  the  reading-off  is  effected,  is  a  matter  of  gi*eat  im- 
portance in  volumetric  analysis ;  the  first  requisite  is  to  bring  the  eye  to 
a  level  with  the  top  of  the  fluid.  We  must  consequently  settle  the  ques- 
tion— What  is  to  be  considered  the  top  ? 

If  you  hold  a  burette,  ])ai-tly  filled  with  water,  between  the  eye  and  a 
strongly  illumined  wall,  the  surface  of  the  fluid  presents  the  aj.pearance 
shown  in  fig.  10 ;  if  you  hold  close  behind  the  tube  a  sheet  of  white  paper. 
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.ttdth  a  atvong  light  fatting  on  it,  the  surface  oftke  fluid  presents  tlie&p[>uar 
aiic«  dhowu  ill  tig.  9. 

In  the  one  as  well  as  in  tlie  other  cnse,  you  have  to  read  otf  at  the  lower 
boi-doi'  of  the  dai'k  isone,  tliis  being  thi;  most  distinctly  marked  line.  Fm. 
MoHR  i-ecoiiimeudii  the  following  device  fori"eading-olf : — Paste  on  a  sheet 
of  very  white  pHjiei'  a  broad  atiip  of  bhicfc  pajier,  and,  wlien  reading-otf, 
hold  thiii  close  behind  the  bui-ette,  in  a  position  to  place  the  border  line 
between  white  and  black  from  2  to  3  mm.  below  tlie  lower  border  of  the 
dark  zone,  an  ahown  in  fig.  1 1 ;  read-oif  at  the  lower  border  of  the.  durk 


Fig.  9.  Fig.  la  Fig.  11. 

Great  care  muxt  be  taken  to  hold  the  paper  invariably  in  the  same  posi- 
tion, since,  if  it  be  held  lower  down,  the  lower  border  of  the  black  zone 
will  move  higher  up. 

I  prefer  to  rcad-otf  in  a  light  which  causes  the  appearance  represented 
in  fig.  9. 

By  the  use  of  Ebdmash's  float  *  all  imcertaintiea  in  reading-olf  may  be 
avoided.  Pig.  12  represents  a  burette  thus  jirovided.  In  this  case  we 
aJwayB  read  off  the  degi-ee  of  tho  burette  whicli  coincides  with  the  circle 
in  the  middle  of  the  float.  The  float  must  be  so  fitted  to  the  widlli  of  tlie 
bnrette  that  when  placed  in  the  filled  burette,  it  will,  on  allowing  tlio 
fluid  to  run  out  gradually,  sink  down  with  the  same  without  wavering, 
and  when  it  has  been  pressed  down  into  the  fluid  of  the  cloned  bui-i^ttv,  it 
irill  slowly  rise  again.  The  weight  of  the  float  must,  if  iiecessaiy,  be  so 
regulated  by  mercury  that  when  placed  in  the  filled  tube  it  may  cut  the 
fluid  with  its  top  uniformly  all  round.  A  fm-tbei-  important  comlition 
of  the  float  is  that  its  axis  should  coincide  as  ueaily  as  powible  with 
that  of  the  burette  tube,  so  that  the  division-mark  on  the  burette  may 
be  klwayB  parallel  with  the  circular  line  on  the  float. 

The  oorrectueH  of  the  graduation  of  a  burette  is  tested  in  the  most 
simple  way,  as  follows:  fill  the  instrument  iip  to  tlie  highest  divisiur. 

•  Joam  f.  piakt.  Ohem.  71,  194. 
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«it]t  water  of  1S°,  t^ien  let  10  c.  c.  of  the  liquid  flow  out  into  an  accu 
retelf  weighed  flask,  and  weigh;  then  let  another  quautity  of  10c.  c. 
flow  out,  and  weigh  again,  and  repeat  the  opei-ation 
until  the  contents  of  the  burette  are  exhausted.  If 
the  instrument  ia  correctly  graduated,  every  10  c.  c 
of  water  of  16°  must  weigh  9-990  gnn.  Dift'erences 
np  to  0*010  grm.  may  be  disregarded,  since  even  with 
the  greatest  care  bestowed  on  the  process  of  rcading- 
off,  deviations  to  that  extent  will  occur  in  repeated 
measurements  of  the  uppermost  10  c.  c.  of  one  and  the 
■ame  burette.  With  the  fioaUburettes  the  weighings 
Agree  much  more  accurately,  end  the  differences  for 
10  C.  C.  do  not  BKceed  0-002  gnn. 

UoHB'a  bnrette  is  unquestionably  the  best  and  most 
convenient  inxtriinieut  of  the  kind,  tind  ought  lo  be 
employed  in  the  measurement  of  all  liquids  which  are 
not  injuriously  affected  by  contact  with  caoutchouc 
Of  the  standai-d  sohitiona  used  at  present  in  volumetrio 
analyisis,  that  of  ])ermanganate  of  potassa  alone  cannot 
bear  contact  witli  caoutchouc. 


II.    Gay-LiiMa^i  BurvUe. 
Fig.  13  represents  this  instrument  in, 
u  I  believe,  itn  most  practical  form. 

I  make  use  of  two  sizes,  one  of  fifty  c. 
c  divided  into  J  c.  c,  the  other  of  30  c. 
Fig.  13.  c.  divided  into  -^  c.  c.     The  former  is 

about  33  cm.  long ;  the  gi-aduatcd  por- 
tion occupies  about  25  cm. ;  the  internal  diameter  of  the 
wide  tube  measures  15  mm. ;  that  of  the  narrow  tube  4 
mm.,  which  in  the  »)ppev  bent  end  gradually  decreases  to  3 
mm.  The  graduated  poi-tion  of  the  smaller  burette  is 
about  28  cm.  long,  and  has  accordingly  an  internal  diameter 
of  about  11  mm. 

The  stand  which  I  make  use  of  to  rest  my  burettes  in, 
consists  of  a  disk  of  solid  wood,  from  5  to  6  cm.  high,  and 
from  10  to  12  cm.  in  diiimeter,  with  holes  made  with  the  , 

auger  and  chisel,  of  proper  size  to  receive  the  bottom  part  of 
the  burettes. 

To  complete  the  instrument,  Momt  suggests  the  use  of  A 
perforated  cork,  beating  a  short  glass  tube  bent  at  a  right 
Uigle.  The  cork  being  iiiKerted  into  the  mouth  of  the  wide 
tube,  a  piece  of  caoutchouc  is  drawn  over  the  short  glass 
tube  ;  by  blowing  into  this  with  greater  or  less  force,  the 
outflow  of  the  liquid  from  the  spout  of  the  slightly  slanting 
burette  may  he  regulated  at  pleiisure. 

The  reading-off  of  the  height  of  the  liquid  is  effected  in      Fig.  ig, 
the  same  way  as  explained  in  §  21.     I  prefer,  however, 
placing  the  burette  firmly  a^inst  a  perpendicular  partition,  either  B 
atrongly  illumined  door,  or  the  pane  of  a  window,  to  losare  the  verticttl 
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position  of  the  iniitruiiient.  It  is  only  vkea  operating  with  more  hi^ily 
conceatrated,  and  accord ingiy  opaque  solutions  of  permanganate  of  potassu, 
that  the  method  of  reading  oil'  requires  modification  ;  in  that  case,  the 
upi>er  border  of  the  liquid  is  noted ;  and  the  best  way  is  to  place  the 
burette  og&inat  a  white  background,  and  read  off  by  reflected  light, 

§23. 
III.    Gekder's  Burette. 

In  this  instrument,  which  is  represented  In  fig.  14,  the  narrow  tubu 
is  placed  inside  the  wide  tube  instead  of  outside,  as  in  GAY-LuasAc'a 
burette.  The  part  of  the  inner  tube  projecting  beyond  the  wide  tube  in 
thick  in  the  glass ;  whilst  the  piu't  inside,  which  is  of  the  same  inside 
vidth,  la  made  of  very  thin  glass. 

This  is  a  very  convenient  instrument,  and  lesi 
liable  to  fracture  than  Gay-Lubsac's  burette. 

II.  Phelihisary  Operations, — Preparation  of 
Substances  for  the  Procksseb  op  Quantita- 
tive Analysis, 

§24. 
1,  The  Selection  op  the  Sample. 

Before  the  analyst  proceeds  to  make  the  quanti- 
tative analysis  of  a  body,  he  cannot  too  carefully 
consider  wbetiier  the  desired  result  is  fully  attained 
if  he  aimply  knows  the  respective  quantity  of  every 
individual  constituent  of  that  body.  This  primary 
point  is  but  too  frequently  disregarded,  and  thus 
&lse  impressions  are  made,  even  by  the  most  care- 
ful analysis.  This  remark  applies  both  to  scientific 
and  to  technical  investigations. 

Therefore,  if  you  have  to  determine  the  constitu- 
tion  of  a  mineral,  take  the  greatest  possible  care  to 
remove  in  the  first  place  every  particle  of  gangue, 
and  disseminated  impurities ;  remove  any  adherent 
matter  by  wiping  or  washing,  then  wrap  the  sub- 
stance up  in  a  sheet  of  thick  paper,  and  crush  it  10 
pieces  on  a  steel  anvil ;  and  pick  out  with  a  pair  of 
small  pincers  the  cleanest  pieces.  Crystalline  sub- 
stances, prepared  artificially,  ought  to  be  purified 
by  recryslallization  ;  pi'ecipitatea  by  thorough  wash- 
ing, ilC,  Sk. 

In  technical  investigations, — when  called  upon, 
for  instance,  to  determine  the  amount  of  peroxide 
present  in  a  manganese  ore,  or  the  amount  of  iron 
present  in  an  iron  ore, — the  first  point  for  consider-  Pig.  14. 

ation  ought  to  lie  whether  the  samples  selected  cor- 
respond as  much  as  possible  to  the  average  quality  of  the  ore.     What 
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would  it  serTe,  indeed,  to  the  ]njrchiiaer  of  a  manganese  mim!  to  know  the 
amount  of  peroxide  present  in  a  select,  possihly  particularly  rich,  sample? 
These  few  obsei'vations  will  suffice  to  show  that  no  universally  appli- 
cable and  valid  rules  to  guide  the  analyst  in  the  aeleetion  of  (Lt;  sample 
can  be  laid  down  ;  he  miint  in  every  individual  case,  on  the  oue  baud, 
examine  the  substance  carefully,  and  more  particularly  also  under  the 
iikicroBcope,  or  tKi'ough  a  lens ;  and,  on  the  other  hand,  keep  clearly  iu 
view  the  object  of  the  investigation,  and  then  take  his  measuitjii  accord- 
ingly- 

§25. 

2.  Mechaniual  Division. 

In  order  to  prepare  a  substance  for  analysis,  i.e.,  to  rendev  it  accessible 

to  the  action  of  solvents  or  Huxss,  it  is  generally  indispensable,  in  tlie 
Unit  piece,  to  divide  it  into  minute  parts,  since  this  will  create  abun- 
dant points  of  contact  for  the  solvent,  and  will  counlemct,  auu,  as  fur  as 
practicable,  remove  the  ailverac  influences  of  the  |)owev  of  cohesion,  thus 
fulfilling  all  the  conditions  necessary  to  effect  a  complete  and  speedy 
solution. 

Tlie  means  employed  to  attain  this  object  vary  according  tn  the  natui-e 
of  the  different  tiodies  wc  have  to  Ojierate  U|>oii.  In  nuiny  ca.Hes,  simple 
crushing  or  pounding  is  sufficient ;  in  other  cases  it  is  ui^ccssiiry  to  reduce 
the  powder  to  the  very  highest  dc'groe  of  finencsK,  by  sifting  or  by  elu- 
triation. 

The  opei-ation  of  [jowdering  is  conducted  in  moitai's ;  the  fii-st  aiid  most 
indispensable  condition  is,  that  the  materia]  of  the  nioi-tar  be  coiisidcrabiy 
harder  tliau  tlie  substance  to  be  pulvnrizsd,  so  an  to  jn-event,  aa  fai-  aa 
practicable,  the  latter  from  being  contaraiuated  witli  any  particles  of  the 
former.     Tlius,  for  pounding  salts  and  other  substances  pouseRsing  no 
vei'v  considerable  degree  of  hardness,  porcelain  moi'tars  may  be  used, 
whilst  the  pounding  of  harder  aubstancLM  (of  most  minerals,  for  instance,) 
I'p'juij'es  vessels  of  agate,  chalcedony,  or  Hint.     In  such  cases,  the  laiger 
(lieces  are  first  reduced  to  a  coarse  powder;  tliia  is  best  effected  by 
wrapping  them  up  in  several  sheets  of  writing-paper,  and  striking  them 
with  ahammer  upon  aKteei  orii-on  plate; 
the   coarse    powder    thus   obtained   is 
then  pulverized,  in  siuall  portiona  at  a 
time,  in  an  agate  moi-tur,  until  it  is  re- 
duced to  tho  stuteof  an  iuipslimble  pow- 
der.    If  we  liave  but  a  smnll  portion  of 
a  mineral  to  ojverate  ti]ioii,  mid  indeed  in 
all  cases  whoi*e  we  arc  dcf  ii-ous  of  avoid- 
ing loss,  it  is  advisable  to  use  a  steel 
mortar  (fig.  IS)  for  the  preparatory  re- 
duction of  the  mine™]  to  coai-se  powder, 
ab  and  cJ  rcpretent  tho  two  jMi'ts  of 
^  the  mortar ;  thes::  may  be  readily  taken 
asunder.     The  suhst.anoe  to  be  crushed 
(having,  if  pruclicahle,  first  l>ec:.  uroken 
.  into  small  pieces),  ia  placed  in  the  cy- 

^'  lindrical  chamber  e/;  tlie  sfeel  cylinder, 

which  fits  someirtiBt  loosely  into  the  chamber,  serves  as  pestle,     Tlie 


§  25.]  MECHANICAL  DIYISIOK,  S3 

mortar  is  placed  upon  a  solid  support,  and  perpendicular  blows  are  re- 
peatedly struck  upon  the  pestle  with  a  hammer  until  the  object  in  view 
is  attained. 

Minerals  which  are  very  difficult  to  pulverize  should  be  strongly 
ignited,  and  then  suddenly  plunged  into  cold  water,  and  subsequently 
t^in  ignited.  This  process  is  of  course  applicable  only  to  minerals 
which  lose  no  essential  constituent  on  ignition,  and  are  perfectly  insolu- 
ble in  water. 

In  the  purchase  of  agate  mortars,  especial  care  ought  to  be  taken 
that  they  have  no  palpable  cracks  Or  indentations ;  very  slight  cracks, 
however,  that  cannot  be  felt,  do  not  render  the  mortar  useless,  although 
they  impair  its  durability. 

Minerals  insoluble  in  acids,  and  which  consequently  require  fusing, 
must  especially  be  finely  divided,  otherwise  we  cannot  calculate  upon 
complete  decomposition.  This  object  may  be  obtained  either  by  tritu- 
rating the  p(/anded  mineral  with  water,  or  by  elutriation,  or  by  sifting ; 
the  two  former  processes,  however,  can  be  resorted  to  only  in  the  case 
of  substances  which  are  not  attacked  by  water.  It  is  quite  clear  that 
analysts  must  in  future  be  much  more  cautious  in  this  point  than  has 
hitherto  been  the  case,  since  we  know  now  that  many  substances  which 
are  usually  held  to  be  insoluble  in  water  are,  when  in  a  state  of  minute 
division,  strongly  affected  by  that  solvent ;  thus,  for  instance,  water, 
acting  upon  some  sorts  of  finely  pulverized  glass,  is  found  to  rapidly 
dissolve  from  2  to  3  per  cent,  of  the  powder  even  in  the  cold.  (Pelouze.*) 
Thus,  again,  finely  divided  feldspar,  granite,  trachyte  and  porphyry  give 
up  to  water  both  alkali  and  silica.     (H.  LuDwio.f ) 

Trituration  with  water  {levigation).  Add  a  little  water  to  the  pounded 
mineral  in  the  mortar,  and  triturate  the  paste  until  all  crepitation  ceases, 
or,  which  is  a  more  expeditious  process,  transfer  the  mineral  paste  from 
the  mortar  to  an  agate  or  flint  slab,  and  triturate  it  thereon  with  a 
muller.  Rinse  the  paste  off*,  with  the  washing  bottle,  into  a  smooth 
porcelain  basin  of  hemispheric  form,  evaporate  the  water  on  the  water- 
bath,  and  mix  the  residue  most  carefully  with  the  pestle.  (The  paste 
may  be  dried  also  in  the  agate  mortar,  but  at  a  very  gentle  heat,  since 
otherwise  the  mortar  might  crack.) 

To  perform  the  process  of  elutriation^  the  pasty  mass,  having  first  been 
Tery  finely  triturated  with  water,  is  washed  off"  into  a  beaker,  and  stirred 
with  distilled  water ;  the  mixture  is  then  allowed  to  stand  a  minute  or 
so,  after  which  the  supernatant  turbid  fluid  is  poured  off"  into  another 
beaker.  The  sediment,  which  contains  the  coarser  parts,  is  then  again 
subjected  to  the  process  of  trituration,  &c.,  and  the  same  operation. re- 
peated imtil  the  whole  quantity  is  elutriated.  The  turbid  fluid  is 
allowed  to  stand  at  rest  until  the  minute  particles  of  the  substance  held 
in  suspension  have  subsided,  which  generally  takes  many  hours.  The 
water  is  then  finally  decanted,  and  the  powder  dried  in  the  beaker. 

The  process  of  lifting  is  conducted  as  follows :  a  piece  of  fine,  well- 
washed,  and  thoroughly  dry  linen  is  placed  over  the  mouth  of  a  bottle 
about  10  cm.  high,  and  pressed  down  a  little  into  the  mouth,  so  as  to 
form  a  kind  of  bag ;  a  portion  of  the  finely  triturated  substance  is  put 
into  the  bag,  and  a  piece  of  soft  leather  stretched  tightly  over  the  top 


*  Compt.  Rend.  t.  xliii.,  pp.  117-123. 
t  irchiv  der  Pharm.  91,  147. 
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by  way  of  cover.  By  drumming  with  the  finger  on  th*»^  leather  cover,  a 
dhaking  motion  is  imparted  to  the  bag,  which  makes  the  finer  particles 
of  tlie  powder  gradually  pass  through  the  linen.  The  portion  remaining 
in  the  bag  is  subjected  again  to  trituration  in  an  agate  mortar,  and,  to- 
gether with  a  fresh  portion  of  the  powder,  sifted  again ;  and  the  same 
process  is  continued  until  the  entire  mass  has  passed  through  the  bag 
into  the  glass. 

When  operating  on  substances  consisting  of  different  compounds  it 
would  be  a  grave  error  indeed  to  use  for  analysis  the  powder  resulting 
from  the  first  process  of  elutriation  or  sifting,  since  this  will  contain  the 
more  readily  pulverizable  constituents  in  a  greater  proportion  to  the 
more  resisting  ones  than  is  the  case  with  the  original  substance. 

Great  care  must,  therefore,  also  be  taken  to  avoid  a  loss  of  substance 
in  the  process  of  elutriation  or  sifting,  as  this  loss  is  likely  to  be  distri- 
buted unequally  among  the  several  component  parts. 

In  cases  where  it  is  intended  to  ascertain  the  average  composition  of 
a  heterogeneous  substance,  of  an  iron  ore  for  instance,  a  large  average 
sample  is  selected,  and  reduced  to  a  coarse  powder ;  the  latter  is 
thoroughly  intermixed,  a  portion  of  it  powdered  more  finely,  and  mixed 
uniformly,  and  finally  the  quantity  required  for  analysis  is  reduced  to 
the  finest  powder.  The  most  convenient  instrument  for  the  crushing 
and  coarse  pounding  of  large  samples  of  ore,  &c.,  is  a  steel  anvil  and 
hammer.  The  anvil  in  my  own  laboi'atory  consists  of  a  wood  pillar,  85 
cm.  high  and  26  cm.  in  diameter,  into  which  a  steel  plate,  3  cm.  thick 
and  20  cm.  in  diameter,  is  let  to  the  depth  of  one-half  of  its  thickness. 
A  brass  ring,  5  cm.  high,  fits  round  the  upper  projecting  part  of  the 
steel  plate.  The  hammer,  which  is  well  steeled,  has  a  striking  surface 
of  5  cm.  diameter.  An  anvil  and  hammer  of  this  kind  afford,  among 
others,  this  advantage,  that  their  steel  surfaces  admit  most  readily  of 
cleaning.  To  convert  the  coarse  powder  into  a  finer,  a  smooth-turned 
steel  mortar  of  about  130  mm.  upper  diameter  and  74  mm.  deep  is  used 
— ^the  final  trituration  is  conducted  in  an  agate  mortar. 

§26. 
3.   Drying. 

Bodies  which  it  is  intended  to  analyze  quantitatively,  must  be,  when 
weighed,  in  a  definite  state,  in  a  condition  in  which  they  can  be  always 
obtained  again. 

Now,  the  essential  constituents  of  a  substance  are  usually  accompanied 
by  an  unessential  one,  viz.,  a  greater  or  less  amount  of  water,  enclosed 
either  within  its  lamellae,  or  adhering  to  it  from  the  mode  of  its  prepara* 
tion,  or  absorbed  by  it  from  the  atmosphere.  It  is  perfectly  obvious  that 
to  estimate  correctly  the  quantity  of  a  substance,  we  must,  in  the  fii*st 
place,  remove  this  variable  amount  of  water.  Most  solul  bodies^  there- 
fore, require  to  be  dried  before  they  can  be  qitantitatively  analyzed. 

The  operation  of  drying  is  of  the  very  highest  importance  for  the 
correctness  of  the  i^esults  ;  indeed  it  may  safely  be  aveiTed  that  many  of 
the  differences  observed  in  analytical  researches  proceed  entirely  from 
the  fact  that  substances  are  analyzed  in  different  states  of  moisture. 

Many  bodies  contain,  as  is  well  known,  water  which  is  proper  to  them 
either  as  inherent  in  their  constitution  or  as  so-called  water  of  crystal* 


g  27.]  DESiccATioir.  3j^ 

lizatioa.  In  contradistinction  to  this,  we  will  employ  the  term  moisture 
to  designate  that  variable  adherent  or  mechanically  enclosed  water,  with 
the  removal  of  which  the  operation  of  drying  in  the  sense  here  bi  view 
is  alone,  concerned. 

In  the  drying  of  substancas  for  quantitative  analysis,  our  object  is  to 
remove  all  moisture,  without  interfering  in  the  slightest  degree  with 
combined  water  or  any  other  constituent  of  the  body.  To  accomplish 
this  object,  it  is  absolutely  requisite  that  we  should  know  the  properties 
which  the  substance  under  examination  manifests  in  the  dry  state,  and 
whether  it  loses  water  or  other  constituents  at  a  red  heat,  or  at  100°, 
or  in  dried  air,  or  even  simply  in  contf^jt  with  the  atmosphere.  These 
data  will  serve  to  guide  us  in  the  selection  of  the  process  of  desiccation 
best  suited  to  each  substance.* 

The  following  classification  may  accordingly  be  adopted  : — 

a.  Svihstuncea  wJdclh  lose  toater  even  in  simple  contact  with  the  cUmO' 
spfiere  /  such  as  sulphate  of  soda,  crystallized  carbonate  of  soda,  <S:c. 
Substances  of  this  kind  turn  dull  and  opaque  when  exposed  to  the  air, 
and  finally  crumble  wholly  or  partially  to  a  white  powder.  They  are 
moi*e  difiicult  to  dry  than  many  other  bodies.  The  process  best  adapted 
for  the  purpose,  is  to  press  the  pulverized  salts  with  some  degree  of  force 
between  thick  layers  of  fine  white  blotting-paper,  repeating  the  operation 
with  fresh  paper  until  the  last  sheets  remain  absolutely  dry. 

It  is  generally  advisable  in  the  course  of  this  operation  to  repowder  the 
salt. 

b.  Substances  whicli  do  not  yield  water  to  tlie  atmosphere  {unless  it  is 
perfectly  dry)y  but  effloresce  in  artijicicdly  dried  air  /  such  as  sulphate  of 
magnesia,  tartrate  of  potassa  and  soda  (Ilochelle  salt),  &c.  Salts  of  this 
kind  are  reduced  to  powder,  which,  if  it  be  very  moist,  is  pressed  between 
sheets  of  blotting  paper,  as  in  o ;  after  this  operation,  it  must  be  allowed 
to  remain  for  some  time  spread  in  a  thin  layer  upon  a  sheet  of  blotting- 
paper,  effectually  protected  against  dust,  and  shielded  from  the  direct 
rays  of  the  sun, 

§27. 

c.  Substances  which  undergo  no  alteration  in  dried  air,  but  lose  wata 
at  100° ;  tartrate  of  lime,  for  instance.  These  are  finely  pulverized ;  thfi 
powder  is  put  in  a  thin  layer  into  a  watch-glass  or  shallow  dish,  and  the 
latter  placed  inside  a  chamber  in  which  the  air  is  kept  dry  by  means  of 
sulphuiic  acid.  This  process  is  usually  conducted  in  one  of  the  following 
apparatuses,  which  are  tenned  desiccators,  and  subserve  still  another 
purpose  besides  that  of  drying,  viz.,  that  of  allowing  hot  crucibles,  dishes, 
Ac,  to  cool  in  dry  air. 

In  fig.  16,  a  represents  a  glass  plate  (ground-glass  plates  answer  the 
purpose  best),  6,  a  bell  jar  with  ground  rim,  which  is  greased  with 
tallow ;  c  is  a  glass  basin  with  sulphuric  acid ;  d,  a  round  iron  plate, 
supported  on  three  feet,  with  circular  holes  of  vaidous  sizes,  for  the 
reception  of  the  watch-glasses,  crucibles,  (fee,  containing  the  substance. 

*  The  dried  substance  should  always  at  once  be  transferred  to  a  well-closed 
ressel ;  glass  tubes,  sealed  at  one  end,  and  of  sufficiently  thick  glass  to  bear  the 
6rm  insertion  of  tight-fitting  smooth  corks — weighing-tabes — are  usually  em- 
ployed for  this  jj^uxpoAe. 
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In  fig.  17,  a  repruHMits  a  beaker  with  ground  and  greased  rini,  and 
filled  to  one-fourth  or  one-thii-d  with  concentrated  sulphuric  acid ;  (  ia 
a  ground-glasa  plate;  e  ia  a  bent  wire  of  lead,  which  serves  to  siippoi't 
tlie  watch-glass  containing  the  substance. 


Fig.  18  i-epresents  areftdiIypoi-tabledeBiccRtor,u8ed  more  parti rnlarly 
10  receive  crucibles  in  course  of  cooling,  a«d  carry  them  to  the  balance. 
Tlie  inatrument  consistn  of  a  box  made  of 
strong  glass;  the  lid  must  be  groiinil  to 
sbutair-tiglit;  the  place  on  which  it  joinsia 
greased  with  tallow.  The  outer  dinmoter 
of  my  boxes  is  lOS  mm. ;  the  sides  are  6 
mm.  thick.  Tlie  aperture  hns  a  <li<)in>!ter 
of  80  mm. ;  the  box  up  to  the  small  part  is 
65  mm.  high ;  the  lid  has  the  same  lieight ; 
the  small  part  itself  is  15  mm.  high,  and 
ground  to  a  slightly  conical  sliai>e.  A 
brass  ring,  with  rim,  fita  exactly  into  the 
apei'ture  ;  tlierimnmst  not  pro'iect  btiyond 
the  glass.  The  ring  bci(.rs  a  tiianglo  of 
iron,  or,  better,  pJHtiniim  wire,  intended 
for  the  recq>tion  of  cnieibles,  Ac, 

The  body  which  it  is  intended  to  dry 
is  kept  exposed  to  the  uction  of  the  dry 
air  in  the  glass,  until  it  shows  no  further 
diminution  of  weight,     SiibsUinif-s  ujion 
which  the  oxygen  of  the  air  exercises  a 
modifying  influence  are  dried  in  a  simi- 
lar manner,  under  the  exhausted  receiver 
of  an  air-pump.     Substances  wliicli,  though  losing  no  water  in  dry  air, 
yet  give  off  ammonia^  are  dried  over  quicklime,  mixed  with  some  chlo- 
ride of  ammonium  in  jiowder,  and  consequently  in  an  anhydrous  am- 
moniacal  atmosphere, 

§28. 

d,  Syihttaneen  lohinh  at  100°  completely  lose  Hieir  moisture,  wilJioul  ntf- 
/"urinff  any  ol/ier  alteration,  such  as  hitoi-trate  of  potassa,  sugar,  so. 
These  are  dried  in  thi!  water-bath  ;  in  the  caseof  alow-dr^'ing  subst-nrw, 


Fig.  18. 
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or  where  it  is  wished  to  expedite  the  operation,  with  the  aid  of  a  cur- 
rent of  dty  air. 

Fig.  19  represeats  the  water-bath  ao»t 
commonly  used.  It  is  made  of  sheet  cop- 
per. The  engraving  rendere  a  detailed  de- 
scription UDiieceeaary.  The  inner  cham- 
ber, c,  is  surrounded  on  five  sides  by  the  , 
outer  case  or  jacket,  d  e,  without  commu- 
nicating  with  it.  lite  object  of  the  aper- 
tures g  and  &  ia  to  effect  chsjige  of  air, 
which  purpose  they  answer  sufficiently  well.  _,  -» 
When  it  is  intended  to  use  tJie  apparatus, 

the  oub;r  case  is  filled  to  about  one-half  with  rain-water,  and  the 
i^rture  a  is  closed  with  a  perforated  cork,  into  which  a,  glnss  tube 
is  fitted ;  the  aperture  b  is  entirely  closed.  If  the  appumtuH  is  intended 
to  be  heated  over  charcoal,  it  sliould  have  a  length  of  about  20  cm, 
troiadtoj';  but  if  over  a  gas-,  spii-it-,  or  oil-lamp,  it  shouidbo  only  about 

13  cm.  long.     In  the  former  cnne,  the  inner  chamber  ia   IT  cm.  deep, 

14  cm.  broad,  and  10  cm.  high  ;  in  the  latter  case,  it  is  10  cm.  deep,  9 
cm.  broad,  and  6  cm.  high.  The  tempei-aLure  in  the  inner  chamber 
never  quite  reaches  100°;  to  bring  it  up  to  100°,  V.  Ro(UILEDER  has 
Kugge^d  to  close  b  with  a  double-limbed  tube,  the  outer  longer  limb 
of  which  dips  into  a  cylinder  filled  with  water;  a  is  in  that  case  closed 
with  a  perforated  cork  bearing  a  sufficiently  tali  funnel  tube,  which  fits 
air-tight  in  the  cork.  The  lower  end  of  this  tube  i-eaches  liown  to  one 
inch  from  \he  bottom. 

In  lar^  analytic^  laboratories  water  is  uEually  kept  boiling  all  day 
long,  for  the  praduction  of  distilled  watar.  The  boilers  used  in  my  own 
laboratory  have  the  shape  of  somewhat  obloug  square  boxeu,  about 
120  cm.  long,  60  cm,  broad,  and  21  cm.  high;  tlie  front  of  the  boiler 
has  soldered  into  it,  one  above  the  other,  two  rows  of  drying  cham- 
bers, of  the  kind  shown  in  fig.  19.  This  gives  so  many  ovens  that 
almost  every  student  may  have  one  for  his  special  use.  Most  of 
lliese  ovens  are  from  11  to  12  cm.  deep  and  broad,  and  R  cm.  high; 
some  of  them,  however,  are  16  cm.  deep  and  broad,  to  enable  them  to 
receive  large-sized  disheB.  The  substances  to  be  dried  are  usually  put 
on  double  watch-glaaKea,  laid  one  within  the  other,  which  are  placed  in 
the  oven,  and  the  door  ia  then  closed.  In  the  subsequent  (iroeess  of  weigh- 
ing, the  upper  glass,  which  contains  the  bubstance,  is  covered  with  the 
lower  one,  ITie  glasses  must  be  quite  cold  before  they  are  jilaced  on  the 
scale.  Incases  where  we  have  to  deal  with  hygroscopic  substances,  the 
reabsorption  of  water  upon  cooling  is  prevented  by  the  selection  of  close- 
Gtting  glasses,  which  are  held  tight  together  by  a  clasp  (fig.  20),  and 
allowed  to  cool  with  their  contents 
under  abell-glaae  over  eulphuricacid 
(see  fig.  16).  These  latter  instruc- 
tions a|iply  equally  to  the  process  of 
dryingconductedinotherapparatuB.  < 

The  clasp   used  for  keeping  the  _ 

watch-glamcs  pressed  together— and  plg;  20. 

which  inall  oases  where  it  is  intended 

to  ascertain  the  loss  of  weight  which  a  substance  sufiers  on  desiccation,  is 
to  be  looked  upon  as  belongiug  to  the  glasses,  and  must  ac(iordingly  bf 
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weighed  with  tfiem — is  constructed  of  two  atri|iB  of  tliiii  brass  platp,  about 
10  cm.  long,  and  |  cm.  wide,  which  aie  laid  the  one  over  tbe  other,  and 
Holdered  together  at  the  euds,  to  the  extent  of  9  to  6  mm. 

'The  following  a]ij)aratuB  (tig.  21)  serves  for  drying  tiiibstaticcH  in  ■ 
cuirent  of  air : — 


Fig.  21. 

a  represents  a  flask  filled  to  one-third  with  conceotrated  sulpfanrio 
and;  ca  glass  vessel  (commonly  called  a  Liebio's  drying-tube),  andi/a  ttii 
Tessel,  provided  with  n  stopcock  at  e,  and  arranged  in  other  retipects  M 
the  cut  shows. 

h,  i,  re]iresents  a  small  tin  vessel,  containing  water  and  covered  with 
a  lid;  two  apertnrea  are  cut  into  the  boi'der  of  the  latter,  to  receive 
the  ascending  liinbe  of  e. 

The  tube  c  i.'t  first  weighed  with  the  mlietiuice,  then  placed  in  the  wuter- 
bath,  A,  (,  which  is  placed  over  a  spirit-  or  gas-lamp ;  the  asgiiiutor 
d  is  then  tilled  with  water,  and  c  connected  with  the  flask  a  hy  the  ymr- 
forated  cork  y,  and  with  d  by  means  of  a  caoutchouc  tube  /'.  If  the 
stop-cock  fl  bo  liow  oj>ened  so  as  to  cause  the  water  to  diwp  from  (/,  the 
air  will  pa.**  througli  the  tube  6,  and  after  being  dcliydi-ated  by  the  sul- 
phuric acid,  will  jmssove)"  the  heateil  substance  in  c,  Aft«r  the  o|>erution 
has  becft  cuntinuetl  for  some  time,  it  is  intei-rupted  fur  the  purjKise  of 
weighing  the  tube  c  and  its  contents,  and  then  reaunied  agau),  and  con- 
tinued until  the  wuight  of  c  (and  its  contentK)  remains  stationoi'y.  The 
curi'ent  of  cold  air,  exei-ciaiiig  its  constant  cooling  action  uj)ou  the  Bub- 
Btance,  the  latter  never  really  reaches  100".  It  is,  therefoiv,  sometimes 
advisable  to  substitute  for  the  wati^r  in  the  bath  a  saturated  solution  of 
common  salt. 

With  this  substitution,  the  apparatus  represented  in  fig.  21  will  be 
found  to  efi'ect  its  purpose  the  most  e.ipeditinusly.  It  is  not  ada|tted, 
however,  for  drying  such  substances  as  have  a  tendency  (o  fus«  or  agglit 
tinate  at  100°. 

§29. 

e.  Subatanei-s inhich penfislentl!/  retain  moittureal  100°,  or  hecomer*im- 
pltt^tj  dry  Ofdy  after  a  very  lony  time  ;  bvt  tohich  arv  deamtpotect  by  a 
red  heat. 

The  desiccation  of  such  substances  is  effected  in  the  lur-beth  or  oil- 
bath,  the  temperature  being  raised  to  110-130°,  Euid  still  hi^er,  and, 
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tLccording  to  drcumstancea,  witk  or  without  appHcatioa  of  a.  current  of 
air,  carbonic  acid,  or  hydrogen. 

Figs.  22  and  23  represent  two  air-baths  of  simple  construction ;  the  for. 
mer  (fig.  22)  adapted  for  the  desiccation  of  a  single  substance,  the  lat»i 
suited  for  the  simultaneous  drying  of  several  substances. 

In  fig,  22,  .4  is  a  box  of  strong  sheet  copper,  about 
11  cm.  high,  and  9  cm.  in  diameter.  The  box  is  closed 
with  the  loose-fitting  cover  £,  which  is  provided  with 
a  narrow  rim,  and  has  two  apertui-es,  C  and  £J ;  Cia 
intended  to  receive  tlie  tliermometer  2>,  which  is  fitted 
into  it  by  a  perfora'«d  cork,  S  afibi-ds  an  exit  to  the 
aqueous  vajwrs,  and  is,  according  to  cii-cumstances, 
either  left  open,  or  loosely  closed.  In  the  interior  of 
the  box,  about  half-way  up,  are  fixed  three  pins,  sup- 
porting a  triangle  of  moderately  stout  wire,  upon 
which  the  crucible  with  the  sul^tance  is  placed  un- 
covered. The  bulb  of  the  thennometer  approaches  the 
crucible  as  cloeely  as  possible,  but  without  touching 
the  triangle.  The  beating  is  effected  by  means  of  a 
gas-  or  spirit-lamp.  When  the  apparatus  Laa  cooled 
^ufBciently  to  allow  its  being  laid  hold  of  without  incon-  Fig.  22. 

venience,  the  lid  is  removed,  the  crucible,  which  is  still 
warm,  taken  out,  covered,  and  allowed  to  cool  in  a  desiccator;  and  weigh- 
ed when  cold. 

In  fig.  23,  a  &  is  a  case  of  strong  sheet  copper,  with  riveted  or  lock, 
ed  jointe,  of  a  width  and  depth  of 
15  to  20  cm.,  and  corresponding 
height.  Tlie  aperture  cisint«nd- 
ed  to  receive  a  perforated  cork, 
into  which  is  fixed  a  thermometer, 
d,  which  reaj;he8  into  the  interior 
of  the  case  ;  within  is  a  shelf,  on 
which  are  placed  the  watch-glasses 
with  the  substances  to  be  dried. 
The  case  is  heated  by  means  of  a 
gas-,  spirit-,  or  oil-lamp.  Whentte 
temperature  has  once  reached  the 
intended  point,  it  is  easy  to  main- 
tain it  pretty  constant,  by  regu- 
lating the  flame.*  Inoi-dertolimit 
as  much  as  possible  the  cooling 
from  without,  it  is  advisable  to  put 
over  the  whole  apparatus  a  paste- 
board  hood  with  a  movable  front. 

[The  air-bath,  fig.  23,  by  a  slight  Pig.  88. 

alteration,  may  serve  for  desicca- 
ting in  a  stream  of  dry  air.    Forthiapurpose,  cut  acircular  orifice,  35  mm. 
wide,  in  each  end  of  the  copper  chamber,  and  rivet  over  each  orifice  acop- 
pertubeor  ring  of  corresponding  diameter,  and  25  mm.  long,     i'itagiasa 
tube  of  20  mm.  diameter,  by  means  of  perforated  corks,  into  these  open- 
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ings,  so  that  it  shall  ti*avei*8e  the  chamber  and  project  40-50  mnt 
beyond  the  corks  at  each  end.  The  copper  tubes  should  be  so  adjusted 
that  the  glass  tube  shall  stand  horizontally  in  the  chamber,  at  the  same 
h^lit  as  the  thermometer  bulb  and  just  beliind  it.  To  produce  the  cur- 
rent of  dry  air  one  of  the  projecting  ends  of  the  wide  tube  is  connected  by 
a  narrow  glass  tube  and  perforated  cork,  with  an  aspii^tor  as  in  fig.  21,  the 
other  with  a  large  chloride  of  calcium  tube ;  the  water  of  the  aspii-ator  ii 
allowed  to  run  off  somewhat  rapidly  at  first,  more  slowly  aft-erwards. 
The  end  of  the  tube  that  delivers  the  air  into  the  wide  tube  is  recurved, 
10  that  the  substance  within  shall  not  be  carried  away  in  the  current. 


Fig.  24. 

The  substance  to  be  dried  is  weighed  out  in  a  tray  of  platinum  or 
porcelain,  fig.  24,  which  is  pushed  within  the  wide  glass  tube  by  help  of 
a 'wire.  When  the  substance  is  hygroscopic,  the  tray  is  placed  horizon^ 
tally  within  a  test-tube,  which  is  corked  while  the  weight  is  being  ascer- 
tained. The  substance  and  tray,  after  drying,  may  be  cooled  in  the  same 
test-tube ;  in  that  case,  just  before  putting  on  the  balance,  the  cork  should 
be  removed  momentarily  to  allow  the  tube  to  fill  with  air.] 

§30. 

The  copper  apparatus  represented  in  fig.  19,  when  made  with  brazed 
joints,  can  be  employed  also  as  a  pai*afiine-bath ;  when  used  for  that 
purpose,  the  outer  case  is  filled  to  two-thirds  with  paraffine.  To  note 
the  temperature,  a  thermometer  is  inserted,  by  means  of  a  perforat-ed 
cork,  in  the  aperture  a  ;  with  the  bulb  reaching  nearly  to  the  bottom, 
or,  at  all  events,  entirely  immersed  in  the  paraffine. 

Many  organic  substances,  when  dried  at  a  somewhat  high  temperature, 
suffer  alteration  by  the  action  of  the  atmospheric  oxygen.  In  the  desic- 
cation of  such  substances,  oxygen  must  accordingly  be  excluded. 

[The  drying  of  such  bodies  is  conducted  as  just  described  in  the  modified 
air-bath,  but  in  a  stream  of  dried  and  purified  hydrogen  or  carbonic  acid 
(see  §29).  The  gas  is  evolved  from  a  self-regulating  generator  (see  fig.  47, 
§  108,  or  "  Qual.  Anal.,"  Am.  ed.  p.  49).  To  the  end  of  the  wide  tube  from 
which  the  gas  escapes  is  fitted  a  perforated  cork  and  long  narrow  tube.] 

§  31. 

f,  Sabstomces  which  suffer  no  alteration  at  a  red  heat,  such  as  sulphate 
of  baryta,  pearlash,  <fec.,  are  very  readily  freed  from  moisture.  They 
need  simply  be  heated  in  a  platinum  or  porcelain  crucible  over  a  gas  or 
spirit-lamp  until  the  desired  end  is  attained.  The  crucible,  having  first 
been  allowed  to  cool  a  little,  is  put,  still  hot,  \mder  a  desiccator,  and 
finally  weighed  when  cold. 

III.  General  Proceduee  in  Quantitative  Analyses. 

§  32. 

It  is  important,  in  the  first  place,  to  observe  that  we  embrace  in  the 
following  general  analytical  method  only  the  separation  and  determina- 
tion of  the  metals  and  their  combinations  with  the  metalloids,  and  of 
the  inoTganic  acids  and  salts.     With  respect  to  the  quantitative  analysia 
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of  other  compounds,  it  is  not  easy  to  lay  down  a  universally  applicable 
method,  except  that  their  constituents  usually  require  to  be  converted 
first  into  acids  or  bases,  before  their  separation  and  estimation  can  be 
attempted ;  this  is  the  case,  for  instance,  with  sulphide  of  phosphonfh^ 
chlonde  of  sulphur,  chloride  of  iodine,  sulphide  of  nitrogen,  kc. 

The  quantitative  analysis  of  a  substance  presupposes  an  accurate 
knowledge  of  the  properties  of  the  same,  and  of  the  nature  of  its  sevei'al 
constituents.  These  data  will  enable  the  operator  at  once  to  decide 
whether  the  direct  estimation  of  each  individual  constituent  is  necessary ; 
whether  he  need  operate  only  on  one  portion  of  the  substance,  or 
whether  it  would  be  advantageous  to  determine  each  constituent  in 
different  portions.  Let  us  suppose,  for  instance,  we  have  a  mixture  ol" 
chloride  of  sodium  and  anhydrous  sulphate  of  soda,  and  wish  to  ascertain 
the  proportion  in  which  these  two  substances  are  mixed.  Here  it 
would  be  superfluous  to  determine  each  constituent  directly,  since  the 
determination  either  of  the  quantity  of  the  chlorine,  or  of  the  sulphuric 
acid,  is  quite  sufficient  to  answer  the  purpose;  still  the  estimation  of 
both  the  chlorine  and  the  sulphuric  acid  will  afford  us  an  infallible  con- 
trol for  the  correctness  of  our  analysis ;  since  the  united  weights  of  these 
two  substances,  added  to  the  sodium  and  soda  i-espectively  equivalent  to 
them,  must  be  equal  to  the  weight  of  the  substance  taken. 

These  estimations  may  be  made,  either  in  one  and  the  same  portion  of 
the  mixture,  by  first  precipitating  the  sulphuric  acid  with  nitrate  of 
baryta,  and  subsequently  the  hydrochloric  acid  from  the  filtrate  with 
solution  of  nitrate  of  silver ;  or  a  separate  portion  of  the  mixture  may 
be  appropriated  to  each  of  these  two  operations.  Unless  there  is  some 
objection  to  its  use  (e,g,^  deficiency  or  heterogeneousness  of  substance),, 
the  latter  method  is  more  convenient  and  generally  yields  more  accu- 
rate results ;  since,  in  the  former  method,  the  unavoidable  washing  of 
the  first  precipitate  swells  the  amount  of  liquid  so  considerably  that  the 
analysi'3  is  thereby  delayed,  and,  moreover,  loss  of  substance  less  easily 
guarded  against. 

Before  beginning  all  analyses,  at  least  those  of  a  more  complex  nature, 
the  rtudent  should  write  out  an  exact  plan,  and  accui-ately  note  on 
paper,  duiing  the  entire  process,  everything  that  he  does.  It  is  in  tlio 
highest  degree  unwise  to  rely  on  the  memory  in  a  complicated  analysis. 
"When  students,  who  imagine  they  can  do  so,  come,  a  week  or  a  fort-, 
night  after  they  have  begun  their  analysis,  to  work  out  the  results, 
they  find  generally  too  late  that  they  have  forgotten  much,  which  now 
appears  to  them  of  importance  to  know.  The  intelligent  pursuit  of 
chemical  analysis  consists  in  the  projecting  and  accurate  testing  of  the 
plan ;  acuteness  and  the  power  of  passing  in  review  all  the  influencing 
chemical  relations  must  here  support  each  other.  He  who  works  with- 
out a  thoroughly  thought-out  plan,  has  no  right  to  say  he  is  practising  . 
chemistry ;  for  a  mere  unthinking  stringing  together  of  a  series  of  fil- 
trations,  evaporations,  ignitions,  and  weighings,  howsoever  well  these 
several  operations  may  be  performed,  is  not  chemistry. 

We  will  now  proceed  to  describe  the  various  operations  constituting 
the  tvocess  of  quantitative  analysis. 

§  33. 
1.  Weighing  the  Substakce. 
niie  amount  of  matter  requii*ed  for  the  quantitative  analysis  of  a 
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substance  depends  upon  the  natiire  of  its  constitaents  ;  it  is,  therefor^ 
impossible  to  laj  down  rules  for  guidance  on  this  point.  Half  a 
gramme  of  chloride  of  sodium,  and  even  less,  is  sufficient  to  eJQfect  the 
estimation  of  the  chlorine.  For  the  quantitative  jvnal^sis  of  a  mixture 
of  bommon  salt  and  anhydrous  sulphate  of  soda,  1  gramme  will  suffice ; 
whereas,  in  the  case  of  ashes  of  plants,  complex  minerals,  &c.,  3  or  4 
grammes,  and  even  more,  are  required.  1  to  3  grm.  can  therefore  be 
indicated  as  the  average  quantity  suitable  in  most  cases.  For  the  esti- 
mation of  constituents  present  in  very  minute  proportions  only,  as, 
for  instance,  alkalies  in  limestones,  phosphorus  or  sulphur  in  cast-iron, 
Ac.,  much  greater  quantities  are  often  required — 10,  20,  or  50  grammes. 

The  greater  the  amount  of  substance  taken  the  more  accurate  will  be 
the  analysis ;  the  smaller  the  quantity,  the  sooner,  as  a  rule,  will  the 
analysis  be  j&nished.  We  would  advise  the  student  to  endeavor  to 
combine  accuracy  with  economy  of  time.  The  less  substance  he  takes 
to  operate  upon,  the  more  carefully  he  ought  to  weigh ;  the  larger  the 
amount  of  substance,  the  less  harm  caQ  result  from  slight  inaccuracies  in 
weighing.  Somewhat  large  quantities  of  substance  are  generally 
weighed  to  1  milligramme ;  minute  quantities,  to  ^  of  a  milligramme. 

If  0716  portion  of  a  substance  is  to  be  weighed  off,  we  first  weigh  two 
watch-glasses  which  fit  on  each  other,  or  else  an  empty  platinum  cruci- 
ble with  lid,  then  we  put  some  substance  in,  and  weigh  again ;  the  difier^ 
ence  between  the  two  weighings  gives  the  weight  of  the  substance  taken. 

If  several  quantities  of  a  substance  are  to  be  operated  upon,  the  best 
way  is  to  weigh  off  the  several  portions  successively ;  which  may  be 
accomplished  most  readily  by  weighing  in  a  glass  tube,  or  other  appro- 
priate vessel,  the  whole  amount  of  substance,  and  then  shaking  out  of  the 
tube  the  quantities  required  one  after  another  into  appropriate  vessels, 
weighing  the  tube  after  each  time. 

The  work  may  often  also  be  materially  lightened,  by  weighing  off  a 
larger  portion  of  the  Rubstance,  dissolving  this  to  :J,  ^  or  1  litre,  and  tak- 
ing out  for  the  several  estimations  aliquot  parts,  with  the  50  or  100  c  c. 
pipette.  The  finest  ana  most  essential  condition  of  this  proceeding,  of 
course,  is  that  the  pipettes  must  accurately  correspond  with  the  measur- 
ing flasks  (§§  18  and  20). 

§  34. 

2.  Estimation  op  the  Water. 

If  thei  substance  to  be  examined — after  having  been  freed  from  mois- 
ture by  a  suitable  drying  process  (§§  26 — 32) — contains  water,  it  is 
usual  to  begin  by  determining  the  amount  of  this  water.  This  oi>eration 
is  geiicrally  simple;  in  some  instances,  however,  it  has  its  difficultic5». 
This  depends  upon  various  circumstances,  viz.,  whether  the  compounds 
intended  for  analysis  yield  their  water  readily  or  not ;  whether  they  caa 
befur  a  red  heat  without  suffering  decomposition;  or  whether,  on  the 
contrary,  they  give  off  other  volatile  substances,  besides  water,  even  at 
a  lower  temperature. 

TJie  correct  knoxdedge  of  the  constitution  of  a  compound  dej)enda 
frequently  upon  the  accurate  estimation  of  the  water  contained  in  it ;  in 
many  cases — for  instance,  in  the  analysis  of  the  salts  of  known  acids— 
the  estimation  of  the  water  contained  in  the  analyzed  compound  suffices 
to  enable  us  to  deduce  the  formula.     The  estimation  -^f  the  water  con- 
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tained  in  a  substance  is,  therefore,  one  of  the  most  important,  ns  well  as 
most  frequently  occurring  operations  of  quantitative  analysis.  The  pro- 
portion of  watei  contained  in  a  substance  may  be  deteimincd  in  two 
ways,  viz.,  a,  from  the  diminution  of  weight  consequent  upon  the  expul- 
sion of  the  water ;  6,  by  weighing  the  amount  of  water  expelled. 


a.  Estimation  of  the  Water  from  the  Loss  of  Weight. 

This  method,  on  account  of  its  simplicity,  is  most  frequently  employed. 
The  modus  02Jerandi  depends  upon  the  nature  of  the  substance  unde/ 
examination. 

a,   Tlie  jSuhetance  hears  ignition  without  lo»ing  otiier  Constituents  besides 

WateTy  and  wUIiout  absorbing  Oxygen, 

The  substance  is  weighed  in  a  platinum  or  porcelain  crucible,  and 
placed  over  the  gas  or  spiiit  lump ;  the  heat  should  be  very  gentle  at 
first,  and  gradually  increased.  When  the  crucible  has  been  maintained 
some  time  at  a  red  heat,  it  is  allowed  to  cool  a  little,  put  still  warm 
under  the  desiccator^  and  finally  weighed  when  cold.  The  ignition  is 
then  repeated,  and  the  weight  again  asceiiiained.  If  no  further  diminu- 
tion of  weight  has  taken  place,  the  process  is  at  an  end,  the  desired  ob- 
ject being  fully  attained.  But  if  the  weight  is  less  than  after  the  first 
heating,  the  o|)eration  must  be  repeated  until  the  weight  remains  constant. 

In  the  case  of  silicates,  the  heat  must  be  raised  to  a  very  high  degree, 
since  many  of  them  {e.g,  talc,  steatite,  nephrite)  only  begin  at  a  red  heat 
to  give  off  water,  and  require  a  yellow  heat  for  the  complete  expulsion 
of  that  constituent.  (Th.  Scheerer.*)  Such  bodies  are  therefore 
ignited  over  a  blast  lamp. 

In  the  case  of  substances  that  have  a  tendency  to  puff  off,  or  to  spii't, 
a  small  fiask  or  retort  may  sometimes  be  advantageously  substituted  for 
the  crucible.  Care  must  be  taken  to  remove  the  last  traces  of  aqueous 
vapor  from  the  vessel,  by  suction  through  a  glass  tube. 

Decrepitating  salts  (chloride  of  sodium,  for  instance)  are  put — finely 
pulverized,  if  possible — ^in  a  small  covered  platinum  crucible,  which  is 
then  placed  in  a  large  one,  also  covered ;  the  whole  is  weighed,  then 
heated,  gently  at  first  for  some  time,  then  more  strongly  ;  finally,  after 
cooling,  weighed  again. 

/S.   The  substance  loses  on  igv  ition  otfier  Constittients  besides  Water 
{JBoradc  Acid,  JSidpkuric  Acid,  Fluoride  of  Silicon^  cfcc). 

Here  the  analyst  has  to  consider,  in  the  first  place,  whether  the  water 
may  not  be  expelled  at  a  lower  degree  of  heat,  which  does  not  involve 
the  loss  of  other  constittients.  If  this  may  be  done,  the  substance  is 
healed  either  in  the  water-bath,  or  w^here  a  higher  temperature  is  re- 
quired, in  the  air-bath  or  oil-bath,  the  temperature  being  regulated  by 
the  thermometer.  The  expulsion  of  the  water  may  be  promoted  by 
the  co-operation  of  a  cuiTent  of  air  (compare  §§  29  and  30) ;  or  by  the 
Addition  of  pure  dry  sand  to  the  substance,  to  keep  it  i>orous.  f     The 

*  Jahresber.  von  Liebig*  u.  Kopp,  1851,  610. 
f  Ann.  d.  Cheni.  u.  Pharm.,  5$,  233. 
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process  must  be  contumed  under  these  circumstances  also,  until  the  weight 
remains  constant. 

In  cases  where,  for  some  reason  or  other,  such  gentle  heating  is  insuf- 
ficient, the  analyst  has  to  consider  whether  the  desii'ed  end  may  nol  b< 
attained  at  a  red  heat,  by  adding  some  substance  that  will  retain  the 
volatile  constituent  whose  loss  is  apprehended.  Thus,  for  instauco,  tlie 
crystallized  sulphate  of  alumina  loses  at  a  I'ed  heat,  besides  water,  also 
sulphuric  acid ;  now,  the  loss  of  the  latter  constituent  may  be  giiai\led 
against  by  adding  to  the  sulphate  an  excess  (about  six  times  the  (quan- 
tity) of  finely  pulverized,  recently  ignited,  pure  oxide  of  lead.  But  the 
addition  of  this  substance  will  not  prevent  the  escape  of  fhioride  of 
silicon  from  silicates  when  exposed  to  a  red  heat  (List  *). 

Thus  again,  the  amount  of  water  in  commercial  iodine  may  be  deter- 
mined by  triturating  the  iodine  together  with  eight  times  the  quantit}* 
of  mercury,  and  drying  the  mixture  at  100°  (BoLLEvf ). 

y.    The  Svhsiance  contains  several  differendy  combined  quantities  of 
Wi^Uer  whieh  require  different  Degrees  of  Temperature  for  Expulsion. 

Substances  of  this  nature  are  heated  first  in  the  water-bath,  until  their 
weight  remains  constant ;  they  are  then  exposed  in  the  oil-  or  aii^bath 
to  150,  200,  or  250°,  <kc.,  and  finally,  when  practicable,  ignited  ovor  a 
gas-  or  spirit-lamp.  [In  such  experiments,  it  is  best  to  proceed  as  de- 
scribed, §  29,  p.  39,  viz.,  to  heat  in  a  current  of  dried  air,  hydrogen,  or  car- 
bonic acid.] 

In  this  manner  dijQTerently  combined  quantities  of  water  may  be  dis- 
tinguished, and  their  respective  amounts  correctly  estimated.  Thus,  for 
instance,  crystallized  sulphate  of  copper  contains  28 '87  per  cent,  of  water, 
which  escapes  at  a  temperature  below  140°,  and  7*22  per  cent.,  which 
escapes  only  at  a  temperature  between  220  and  260°. 

S.  Wlien  tfie  substance  luis  a  tendency  to  absoi'b  oxygen  (from  the  pre- 
sence of  protoxide  of  iix)n,  for  instance)  the  water  is  better  determined 
in  the  direct  way,  than  by  the  loss.     (§  3G.) 


§36. 

h.  ESTIHATION   OP  WaTJEB   BY   DiRECT  WeIGHINO. 

This  method  is  resorted  to  by  way  of  control,  or  in  the  case  of  substances 
which,  upon  ignition,  lose,  besides  water,  other  constituents,  which  cannot 
be  retained  even  by  the  addition  of  some  other  substance  (tf.^.,  carbonic 
acid,  oxygen),  or  in  the  case  of  substances  containing  bodies  inclined  to 
oxidation  {e,g.^  protoxide  of  iron).  The  principle  of  the  method  is  to  expel 
the  water  by  the  application  of  a  red  heat,  so  as  to  admit  of  the  condensa- 
tion of  the  aqueous  vapor,  and  the  collection  of  the  condensed  water  in 
an  appropriate  apparatus,  partly  physically,  partly  by  the  agency  of  some 
hygroscopic  substance.  The  increase  in  the  weight  of  this  apparatus 
represents  the  quantity  of  the  water  expelled. 

The  operation  may  be  conducted  in  various  ways ;  the  following  is  ou« 
f f  the  most  appropriate : — 


*  inn.  d.  Ghem.  a.  Pharm.,  81,  189.         f  Dinglefs  Polyt  Joum.,  1^,  80l 
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JB,  fig.  25,  represents  a  gasometer  filled  vith  air ;  (  ti  flask  half-filled 
with  concentrated  sulphuric  acid  J  c  and  a  o  are  chloride  of  calcium  tubes ; 
<2  is  a  bulb-tttbe. 


Fig.  3J. 

The  substance  intended  for  examination  is  weighed  in  the  perfectly  dry 
tuhe  rf,*  ■which  is  then  connected  with  c  and  the  weighed  chloriile  of  cal- 
cium tube  a  o,  by  means  of  sound  and  well-dried  perforated  corks. 

The  operation  ia  commenced  by  opening  the  stop-cock  e  a  little,  to 
allow  the  air,  which  loses  all  its  moisture  in  b  and  c,  to  pass  slowly  through 
d ;  the  tube  d  is  then  heated  to  beyonJ  the  boiling-point  of  water,  by  hold- 
ing a  lamp  towanls/,  taking  care  not  to  bum  the  cork  ;  and  finally,  the 
bulb  which  contains  the  substance  ia  exposed  to  a  low  red  hent,  the  tem- 
perature at  f  being  maintained  all  the  while  at  the  point  indicated. 
When  the  expulsion  of  the  water  has  been  accomplished,  a  slow  current  of 
air  is  Ktill  kept  np  till  the  bulb-tiibe  is  cold  ;  the  apparatus  is  then  dis- 
comiected,  and  the  chloride  of  calcium  tube  a  o.  weighed.  The  increase 
in  the  weight  of  this  tube  represents  the  quantity  of  water  oiiginallj 
present  in  the  substance  examined. 

The  empty  bulb  a,  in  which  the  greater  portion  of  the  water  collects, 
has  not  only  for  its  object  to  prevent  the  liquefaction  of  the  chloride  of 
calcium,  but  enables  the  analyst  also  to  test  the  condensed  water  as  to  ita 
reaction  and  purity. 

The  appai'atus  may,  of  course,  be  modified  in  various  ways ;  thus,  the 
chloride  of  calcium  tubes  may  be  U-shaped ;  a  TJ-tube,  filled  with  pieces 
of  pumiee-stone  saturated  with  sulphuric  aciil,  may  be  substituted  for  the 
flask  with  siilphuiic  acid  ;  and  the  gasometer  may  be  replaced  by  an  aspi- 
rator (fig,  21)  joined  to  o. 

The  expulsion  of  the  aqueous  vapor  fi-om  the  tube  containing  the  s>i(>- 
stance  under  examiimtion,  into  the  chloride  of  calcium  tube,  may  be 
eflected  also  by  other  means  than  a  current  of  air  supplied  by  a  gssometer 
or  aspirator;  viz.,  the  substance  imiler  examination  may  be  heated  to 
redness  in  a  |)erfrclly  diy  tube,  together  with  cai'bonate  of  lead,  since  the 
carbonic  acid  of  the  latter,  escaping  at  a  red  heat,  serves  here  the  same 
purpose  as  a  stream  of  air.     Thi^  method  is  principally  applied  in  cases 

*  [It  Is  nsoally  better  to  weigh  off  the  sabstanoe  into  a  tiay  or  boat  of  porcelain 
orplatmom,  and  plaoe  this  wit^  a  straight  tube  of  haidglaM  and  ignite  by  mean* 
of  a  tnbe  fomaos.] 
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where  it  is  desirable  to  retain  an  acid  which  otherwise  would  volatilize 
together  with  the  water ;  thus,  it  is  applied,  far  instance,  foi*  the  direct 
estimation  of  the  water  contained  in  the  bisulphate  of  patassa,  &c. 


Fig.  26. 

Fig.  26  represents  the  disposition  of  the  apparatus. 

a  6  is  a  common  combustion  fiimace ;  c  /^  a  tube  filled  as  follows  :— 
from  ctod  with  carbonate  of  lead,*  from  d  to  e  the  substance  intimately 
mixed  with  carbonate  of  lead,  and  from  e  to/' pure  carbonate  of  lead.  The 
chloride  of  calcium  tube  17,  being  accurately  weighed,  is  connected  with 
the  tube  c/^,  by  means  of  a  well-dried  perforated  cork,^/^. 

The  operation  is  commenced  by  surrounding  the  tube  with  red-hot 
charcoal,  advancing  from  y^  toward  c;  the  fore  j>art  of  the  tuba  which 
protrudes  from  the  furnace  should  be  maintained  at  a  degree  of  heat  which 
barely  permits  the  operator  to  lay  hold  of  it  with  his  fingers.  All  fui-ther 
particulars  of  this  operation  will  be  found  in  the  chapter  on  organic  ele- 
mentary analysis.  The  mixing  is  performed  best  in  the  tube  with  a  wii*e. 
The  tube  cf^  may  be  short  and  moderately  narrow. 

The  volatilization  of  an  acid  caimot  in  all  cases  be  prevented  by  oxide  of 
lead ;  thus,  for  instance,  we  could  not  detennine  the  water  in  crystallized 
boracic  acid  by  the  above  process.  This  could  readily  be  done,  however, 
by  igniting  the  acid  mixed  with  excess  of  dry  carbonate  of  soda  in  a  glass 
tube  drawn  out  behind  in  the  form  of  a  beak,  receiving  the  water  in  a 
chloride  of  calcium  tiibe,  and  transferring  the  final  residue  of  aqueous 
vapor  into  the  Ca  Cl-tube  by  suction,  after  the  point  of  the  beak  has  been 
broken  off.     (See  Organic  Analysis.) 

The  foregoing  methods  for  the  direct  estimation  of  water  do  not,  how- 
ever, yet  embrace  all  cases  in  which  those  described  in  §  35  are  inap- 
plicable ;  since  they  can  be  employed  only  if  the  substances  escaping 
along  with  the  water  are  such  as  will  not  wholly  or  partly  condense  in 
the  chloride  of  calcium  tube  (or  in  a  hydrate  of  potassa  tube,  or  one 
filled  with  pumice-stone  saturated  with  sulphuric  acid,  which  might  be 
used  instead).  Thus  they  are  perfectly  well  adapted  for  determining 
the  water  in  the  basic  carbonate  of  zinc,  but  they  cannot  be  applied  to 
determine  the  water  in  sulphate  of  soda  and  ammonia.  With  sub- 
stances like  the  latter,  we  must  either  have  recourse  to  the  processes  of 
organic  elementary  analysis,  or  we  must  rest  satisfied  with  the  indirect 
estimation  of  the  water. 

§  37. 

3.  Solution  of  Substances. 

Before  pursuing  the  analytical  process  further,  it  is  in  most  cases  ne- 
cessary to  obtain  a  solution  of  the  substance.  This  operation  is  simple 
where  the  body  may  be  dissolved  by  dii-ect  treatment  witli  water,  or 
acids,  or  alkalies,  &c. ;  but  it  is  more  complicated  in  cases  wheie  the 
body  requires  fluxing  as  an  indispensable  preliminary  to  solution. 

*  The  carbonate  of  lead  must  have  been  previously  ignit'ed  to  iDcipicnt  deoom- 
position,  and  cooled  in  a  closed  tube. 
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When  we  have  mixed  substances  to  operate  upon,  the  component  jiarts 
of  which  behave  differently  with  solvents,  it  is  not  by  any  means  neces- 
flary  to  dissolve  the  whole  substance  at  first ;  on  the  contrary,  the  sepa- 
ration may,  in  such  cases,  be  often  effected,  in  the  most  simple  and  ex- 
peditious manner,  by  the  solvents  themselves.  Thus,  for  instance,  a 
mixture  of  nitrate  of  potassa,  carboiiate  of  lime,  and  sulphate  of  baryta, 
may  be  readily  and  accurately  analyzed  by  dissolving  out,  in  the  first 
place,  the  nitrate  of  potassa  with  w^ater,  and  subsequently  the  carbonate 
of  lime  by  hydrochloric  acid,  leaving  the  insoluble  sulphate  of  baryta. 

§  38. 
a.  DntECT  Solution. 

The  direct  solution  of  substances  is  effected,  according  to  circum- 
stances, in  beakers,  flasks,  or  dishes,  and  may,  if  necessary,  be  promoted 
by  the  application  of  heat ;  for  which  pui^pose  the  water-bath  will  be 
found  most  convenient.  In  cases  where  an  open  fire,  or  the  sand-bath, 
or  an  iron-plate  is  resorted  to,  the  analyst  must  take  care  to  guard  against 
actual  ebullition  of  the  fluid,  since  this  would  render  a  loss  of  substance 
from  spirting  almost  unavoidable,  especially  in  cases  where  the  process 
is  conducted  in  a  dish.  Fluids  containing  a  sediment,  either  insoluble, 
or,  at  least,  not  yet  dissolved,  will,  when  heated  over  the  lamp,  often 
bump  and  spirt  even  at  temperatures  far  short  of  the  boiling-point. 

In  cases  where  the  solution  of  a  substance  is  attended  with  evolution 
of  gas,  the  process  is  conducted  in  a  flask,  placed  in  a  sloping  position, 
so  that  the  spirting  drops  may  be  thrown  against  the  w^alls  of  the  vessel, 
and  thus  secured  from  being  cai'ried  off  with  the  stream  of  the  evolved 
gas ;  or  it  may  be  conducted  in  a  beaker,  covered  with  a  large-sized 
watch-glass,  which,  after  the  solution  is  effected,  and  the  gas  expelled  by 
healing  on  the  water-bath,  must  be  thoroughly  rinsed  with  the  washing- 
bottle. 

In  cases  where  the  solution  has  to  be  effected  by  means  of  concentrated 
volatile  acids  (hydi'ochloric  acid,  nitric  acid,  aqua  regia),  the  operation 
should  never  be  conducted  in  a  dish,  but  always  in  a  flask  covered  with 
a  watch-glass,  or  placed  in  a  slanting  position,  and  the  application  of  too 
high  a  temperature  must  be  avoided.  The  operation  should  always  be 
conducted  also  under  a  hood,  with  proper  draught,  to  carry  off  the  es- 
caping acid  vapors.  In  my  own  laboratory,  I  use  for  the  latter  purpose 
the  following  simple  contrivance  :  a  leaden  pipe,  pennanently  fixed  in  a 
convenient  position,  leads  from  the  working  table  through  the  wall  or 
the  window-frame  into  the  open  air.  The  end  in  the  laboratory  is  con- 
nected with  one  of  the  mouths  of  a  two-necked  bottle  which  contains  a 
little  water.  The  other  mouth  of  the  bottle  is  closed  with  a  perforated 
cork,  bearing  a  firmly-fixed  glass  tube  bent  at  a  right  angle ;  the  portion 
of  the  tube  which  enters  the  bottle  must  not  dip  into  the  water.  The 
Bolution-flask  being  now  closed  with  a  perforated  cork,  or  an  india-rub- 
ber cap,  bearing  a  glass  tube,  connected  by  means  of  india-rubber  with 
the  bent  tube  in4he  doubled-necked  bottle,  the  vapors  evolved  are  car- 
ried out  of  the  laboratory  without  the  least  inconvenience  to  the  opei*ator ; 
moreover,  no  receding  of'  fluid  upon  cooling  need  be  apprehended.  In- 
stead of  conveying  the  vapors  away  through  a  tube  leading  into  the 
•pen  air,  a  conical  glass-tube  filled  with  pieces  of  broken  glass,  moist 
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onod  with  water  or  solution  of  carbonate  of  soda,  maj  be  fixed  on  the 
second  mouth  of  the  double-necked  bottle.  I,  however,  prefer  the  othei 
method.  In  some  cases,  it  is  advisable  also  to  conduct  the  escaping  va^ 
pors  into  a  little  water,  and,  when  solution  has  been  effectefl,  make  the 
water  recede  by  withdrawing  the  lamp,  since  this  will,  at  the  same  time, 
serve  to  dilute  the  solution ;  care  must  be  taken,  however,  to  guard 
against  a  premature  receding  of  the  water  in  consequence  of  an  acci- 
dental cooling  of  the  solution  flask. 

It  is  often  necessary,  in  conducting  a  process  of  solution,  to  guard 
against  the  action  of  the  atmospheric  oxygen;  in  such  cases,  a  slow 
stream  of  carbonic  acid  is  transmitted  through  the  solution-flask ;  in 
some  cases  it  is  sufficient  to  expel  the  air,  by  simply  first  putting  a  little 
bicarbonate  of  soda  into  the  flask,  containing  an  excess  of  acid,  before 
introducing  the  substance. 

§  39. 
b.  Solution,  preceded  by  Fluxing. 

Substances  insoluble  in  water,  acids,  or  aqueous  alkalies,  usually 
require  decomposition  by  fluxing,  to  prepare  them  for  analysis.  Sub- 
stances of  this  kind  are  often  met  with  in  the  mineral  kingdom ;  most 
silicates,  the  sulphates  of  the  alkaline  earths,  chrome  ironstone,  tkc.j 
belong  to  this  class. 

The  object  and  general  features  of  the  process  of  fluxing  have  already 
been  treated  of  in  the  qualitative  part  of  the  present  work.  The  special 
methods  of  conducting  this  important  operation  will  be  described  here- 
after under  "  The  analysis  of  silicates,"  and  in  the  proper  places ;  as  a 
satisfactory  description  of  the  process,  with  its  various  modifications, 
cannot  well  be  given  without  entering  more  minutely  into  the  pai-ticular 
circumstances  of  the  several  special  cases. 

Decomposition  by  fluxing  often  requires  a  higher  temperature  than  is 
attainable  with  a  spirit-lamp  with  double  draught,  or  with  a  common 
gas-lamp.  In  such  cases,  the  glass-blower's  lamp,  fed  with  gas,  is  used 
with  advantage. 

§  40. 
4.  Conversion  of  the  DIssoL^^ED  Substance  into  a  weiohable  Form. 

The  conversion  of  a  substance  in  a  state  of  solution  into  a  form  adapted 
for  weigliing  may  be  effected  either  by  evajjoration  or  by  precipitation. 
The  former  of  these  operations  is  applicable  only  in  cases  where  the  sub- 
stance, the  weight  of  which  we  are  desirous  to  ascertain,  either  exists 
already  in  the  solution  in  the  form  suitable  for  the  determination  of  its 
weight,  or  may  be  converted  into  such  form  by  evaporation  in  conjunction 
with  some  reagent.  The  solution  must,  moreover,  contain  the  substance 
unmixed,  or,  at  least,  mixed  only  with  such  bodies  as  are  expelled  by 
evaporation  or  at  a  red-heat.  Thus,  for  instance,  the  amount  of  sulphate 
of  soda  present  in  an  aqueous  solution  of  that  substance  may  be  ascer- 
tained by  simple  evaporation ;  whilst  the  carbonate  of  potassa  contained 
in  a  solution  would  better  be  converted  into  chloride  of  potassium,  by 
evaporating  with  solution  of  chloride  of  ammonium. 

Precipitation  may  always  be  resorted  to^  whenever  the  substance  in 
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solutiou  admits  of  being  converted  into  a  combination  which  is  insoluble 
in  the  menstruum  present,  provided  that  the  precipitate  is  fit  for  deter- 
mination, which  can  never  be  the  case  unless  it  can  be  washed  and  is  of 
constant  composition. 

§41. 
a.  EvAPOBATioir. 

In  processes  of  evapoi-ation  for  pharmaceutical  or  technico-chemical 
purposes  the  principal  object  to  be  considered  is  saving  of  time  and  fuel ; 
but  in  evaporating  processes  in  quantitative  analytical  researches  this  is 
merely  a  subordinate  point,  and  the  analyst  has  to  direct  his  principal 
care  and  attention  to  the  means  of  guarding  against  loss  or  contamina- 
tion of  the  substance  operated  upon. 

The  simplest  case  of  evaporation  is  when  we  have  to  concentrate  a 
dearjluid,  without  carrying  the  process  to  dryness.  To  effect  this  object, 
the  fluid  is  poured  into  a  basin,  which  should  not  be  filled  to  more  than 
two-thirds.  Heat  is  then  applied  by  placing  the  basin  either  on  a  water- 
bath,  sand-bath,  common  stove,  or  heated  iron  plate,  or  over  the  flame 
pf  a  gas-  or  spirit-lamp,  care  being  taken  always  to  guard  against  actual 
ebullition,  as  this  invariably  and  unavoidably  leads  to  loss  from  small 
di'ops  of  fluid  spirting  out.  Evaporation  over  a  gas  or  spirit-lamp,  when 
conducted  with  proper  care,  is  an  expeditious  and  cleanly  process.  Bun- 
sen's  gas-lamp  may  be  used  most  advantageously  in  operations  of  this 
kind ;  a  little  wire-gauze  cap,  loosely  fitted  upon  the  tube  of  the  lamp,  is 
a  material  improvement.  By  means  of  this  simple  an^angement  it  is 
easy  to  produce  even  the  smallest  flame,  without  the  least  apprehension 
of  ignition  of  the  gas  within  the  tube. 

If  the  evaporation  is  to  be.  effected  on  the 
water-bath,  and  the  operator  happens  to  possess 
a  Beindorf,  or  other  similarly-constructed  steam 
apparatus,  the  evaporating-dish  may  be  placed 
simply  into  an  opening  corresponding  in  size. 
Otherwise  recourse  must  be  had  to  the  water-bath, 
illustrated  by  fig.  27.  Fig.  27. 

It  is  made  of  strong  sheet  copper,  and  when 
used  is  half  filled  with  water,  which  is  kept  boiling  over  a  gas-,  spirit-,  or 
oil-lamp.  The  breadth  from  a  to  5  should  be  from  12  to  18  cm.  Vari- 
ous flat  rings  of  the  same  outside  diameter  as  the  top  of  the  bath,  and 
adapted  to  receive  dishes  and  crucibles  of  different  sizes,  are  essential 
adjuncts  to  the  bath.  These  rings  when  required  are  simply  laid  on  the 
l>ath. 

It  will  occasionally  happen  that  the  water  in  the  bath  completely 
evaporates ;  in  such  cases,  residues  are  heated  to  a  higher  degree  than  is 
desirable,  concentrated  solutions  spirt,  <fec.  To  avoid  these  inconve- 
niences, a  water-bath  with  constant  level  is  employed.  Such  a  bath  is 
shown  in  fig.    ,  p.     ,  where  the  reader  will  find  its  description. 

If  the  operator  can  conduct  his  processes  of  evaporation  in  a  room  set 
apart  for  the  purpose,  where  he  may  easily  guard  against  any  occurrence 
tending  to  suspend  dust  in  the  air,  he  will  find  it  no  very  difficult  task  to 
keep  the  evaporating  fluid  clean ;  in  this  case  it  is  best  to  leave  the  dishes 
uncovered.     But  in  a  large  laboratory,  frequented  by  many  people,  or  in 
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a  room  exposed  to  draughts  of  air,  or  in  which  coal  fires  are  burning,  the 
greatest  caution  is  required  to  protect  the  evaporating  fluid  from  contami- 
nation hy  dust  or  ashes. 

For  this  purpose  the  evaporating  dish  is  either  covered  with  a  sheet  of 
filtei*ing-paper  turned  down  over  the  edges,  or  a  glass  rod  twisted  into  a 

triangular  shape  (fig.  28)  is  laid  upon  it,  and  a 
sheet  of  fiitering-paper  spread  over  it,  which  is 
kept  in  position  by  a  glass  rod  laid  across,  the 
latter  again  being  kept  from  rolling  down  by  the 
slightly  turned  up  ends,  a  and  5,  of  the  triangle. 
Fiff  28  "^^  he^t  way,  however,  is   the   following  : — 

Take  two  small  thin  wooden  hoops  {i^g,  29),  one 
of  which  fits  loosely  in  the  other ;  spread  a  sheet  of  blotting-paper  over 
the  smaller  one,  and  push  the  other  over  it.     This  forms  a  cover  admirably 

adapted  to  the  ])urpose ;  and  whilst  in  no  way 
interfering  with  the  operation,  it  completely  pro- 
tects the  evaporating  fluid  from  dust,  and   may 

be  readily  taken  off";  the  paper  cannot  dip  into  the 

FK  29.  fluid;    the   cover    lasts    a   long  time,  and  may, 

moreover,  at  any  time  be  easily  renewed. 
It  must  be  borne  in  mind,  however,  that  the  common  filtering-paper 
contains  always  certain  substances  soluble  in  acids,  such  as  lime,  sesqui- 
oxide  of  iron,  <SfC.,  which,  were  covei-s  of  the  kind  just  described  used  over 
evaporating  dishes  containing  a  fluid  evolving  acid  vapors,  would  infallibly 
dissolve  in  these  vapors,  and  the  solution  dripping  down  into  the  evapo- 
rating fluid,  would  speedily  contaminate  it.  Care  must  be  taken,  there- 
fore, in  such  cases,  to  use  only  such  tiltering-paper  as  has  been  freed  by 
washing  from  substances  soluble  in  acids. 

Evaporation  for  the  purpose  of  concentration  may  be  effected  also 
in  flasks ;  these  are  only  half  filled,  and  placed  in  a  slanting  position. 
The  process  may  be  conducted  on  the  sand-bath,  or  over  a  gas-  or  spirit- 
lamp,  or  even,  and  with  equal  propriety,  over  a  charcoal  fire.  In  cases 
where  the  operation  is  conducted  over  a  lamp  or  a  charcoal  fire,  it  is  the 
safest  way  to  place  the  flasks  on  wire  gauze.  Gentle  ebullition  of  the 
fluid  can  do  no  harm  here,  since  the  slanting  position  of  the  flask  guards 
etfectively  against  risk  of  loss  from  the  spirting  of  the  liquid.  Still  better 
than  in  flasks,  the  object  may  be  attained  by  evaporating  in  tubulated 
retorts  with  open  tubulure  and  neck  directed  obliquely  upwards.  The 
latter  acts  as  a  chimney,  and  the  constant  change  of  air  thus  effected  is 
extremely  favorable  to  evaporation. 

The  evaporation  of  Jluicls  containing  a  precipitate  is  best  conducted  on 
the  water- bath  ;  since  on  the  sand-bath,  or  over  the  lamp,  it  is  next  to 
impossible  to  guard  against  loss  from  bumping.  Tliis  bumping  is  occa- 
sioned by  slight  explosions  of  steam,  arising  from  the  sediment  impeding 
the  uniform  diffusion  of  the  heat.  Still  there  remains  another,  though 
less  safe  way,  viz.,  to  conduct  the  evaporation  in  a  crucible  placed  in  a 
slanting  position,  as  illusti'ated  in  &g,  30.  In  this  process,  the  flame  is 
made  to  play  upon  the  crucible  above  the  level  of  the  fluid. 

Where  ajfluid  Jvas  to  he  evaporated  to  dryness^  as  is  so  often  the  case,  the 
operation  should  always,  if  possible,  be  terminated  on  the  water-bath.  In 
cases  where  the  nature  of  the  dissolved  substance  precludes  the  applica- 
tion of  the  water-bath,  the  object  in  view  may  often  be  most  rea<lily 
attained  by  heating  the  contents  of  the  difih  from  the  top,  whicL   is 
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effected  by  placing  the  dish  ia  a  proper  position  in  a  drying  closet,  whose 
upper  plate  is  heated  by  a  flame  (that  of  the  water-  or  sand-bath)  passing 
over  it.  If  the  substance  is  in  a  covered  platinum  dish  or  crucible,  place  the 
gas-lamp  in  such  a  position  that  the  flame  may  act  on  the  cover  from  above. 

In  cases  where  the  heat  has  to  be  applied 
from  the  bottom,  a  method  must  be  chosen 
which  admits  of  an  equal  difiusion  and  ready 
regulation  of  the  heat. 

An  air-bath  is  well  adapted  for  this  purpose, 
i.e.,  a  dish  of  iron  plate,  in  which  the  porcelain 
or  platinum  dish  is  to  be  placed  on  a  wire  tri- 
angle, so  that  the  two  vessels  may  be  at  all 
points  i  to  J  inch  distant  from  each  other. 
The  copper  apparatus,  fig.  27,  may  also  serve 
as  an  air-bath,  although  I  must  not  omit  to 
mention  that  tliis  mode  of  application  will  in 
the  end  seriously  injure  it.  If  the  operation  has 
to  be  conducted  over  a  lamp,  the  dish  should  be 
placed  high  above  the  flame;  best  on  wire 
gauze,  since  this  will  greatly  contribute  to  an 
equal  diffusion  of  the  heat.  The  use  of  the 
Band-bath  is  objectionable  here,  because  with 
that  apparatus  we  cannot  reduce  the  heat  so  speedily  as  may  be  desira- 
ble. An  iron  plate  heated  by  gas  may  perhaps  be  used  with  advantage. 
But  no  matter  which  method  be  employed,  this  rule  applies  equally  to 
all  of  them  ;  that  the  operator  must  watch  the  process,  from  the  moment 
that  the  residue  begins  to  thicken,  in  order  to  prevent  spirting,  by  redu- 
cing the  heat,  and  breaking  the  pellicles  which  form  on  the  surface,  with 
a  glass  rod,  or  a  platinum  wire  or  spatula. 

Saline  solutions  tfint  have  a  tendency ^  upon  their  evaporation^  to  ci'eep 
up  the  sides  of  the  vessel,  and  may  thus  finally  pass  over  the  brim  of  the 
latter,  thereby  involving  the  rLsk  of  a  loss  of  substance,  should  be  heated 
from  the  top,  in  the  way  just  indicated;  since  by  that  means  the  sides 
of  the  vessel  will  get  heated  sufficiently  to  cause  the  instantaneous  evap- 
oration of  the  ascending  liquid,  preventing  thus  its  overflowing  the 
brim.  The  inconvenience  just  alluded  to  may,  however,  be  obviated 
also,  in  most  cases,  by  covering  the  brim,  and  the  uppermost  part  of  the 
inner  side  of  the  vessel,  with  a  very  thin  coat  of  tsdlow,  thus  diminish- 
ing the  adhesion  between  the  fluid  and  the  vessel. 

In  tlie  case  of  liquids  evolving  (/as-hubbles  upon  evaporating,  particu- 
lar caution  is  required  to  guard  against  loss  from  spirting.  The  safest 
way  is  to  heat  such  liquids  in  an  obliquely-placed  flask,  or  in  a  beaker 
covered  with  a  large  watch-glass ;  the  latter  is  removed  as  soon  as  the 
evolution  of  gas-bubbles  has  ceased,  and  the  fluid  that  may  have  spirted 
up  against  it  is  carefully  rinsed  into  the  glass,  by  means  of  a  wasliing- 
bottle.  If  the  evaporation  has  to  be  conducted  in  a  dish,  a  rather 
capacious  one  should  be  selected,  and  a  very  moderate  degree  of  heat  ap- 
plied at  first,  and  until  the  evolution  of  gas  has  nearly  ceased. 

If  a  fluid  has  to  be  evaporated  witJi  exclusion  of  air,  the  best  way  is 
feo  place  the  dish  under  the  bell  of  an  air-pump,  over  a  vessel  with  sul- 
phuric acid,  and  to  exhaust ;  or  a  tubulated  retort  may  be  used,  through 
whose  tubulure  hydrogen  or  carbonic  acid  is  passed  by  the  aid  of  a  tube 
not  quite  reaching  to  the  surface  of  the  fluid. 
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7%e  material  of  the  evaporating  vessels  maj  exercise  a  much  greatei 
influence  on  the  results  of  an  analysis  than  is  generally  believed.  Many 
rather  startling  phenomena  that  are  observed  in  analytical  processeB  may 
arise  simply  from  a  contamination  of  the  evaporated  liquid  by  the  mate- 
rial of  the  vessel ;  great  errors  may  also  spring  from  the  same  source. 

The  importance  of  this  point  has  induced  me  to  subject  it  to  a  search- 
ing investigation  (see  Appendix,  Analytical  Experiments,  1 — 4),  of 
which  I  will  here  briefly  intimate  the  results. 

Distilled  water  kept  boiling  for  some  length  of  time  in  glass  (flasks  of 
Bohemian  glass)  dissolves  very  appreciable  traces  of  that  material.  This 
is  owing  to  the  formation  of  soluble  silicates ;  the  particles  dissolved 
consist  chiefly  of  potassa,  or  soda  and  lime^  in  combination  with  silicic 
acid.  A  much  larger  proportion  of  the  glass  is  dissolved  by  water  contain- 
ing caustic  or  carbonated  alkali ;  boiling  solution  of  chloride  of  ammo- 
nium also  strongly  ftttacks  glass  vessels.  Boiling  dilute  acids,  with  the 
exception,  of  course,  of  hydrofluoric  and  hydrofluosilicic  acids,  exercise  a 
less  powerful  solvent  action  on  glass  than  pure  water.  Porcelain  (Berlin 
dishes)  is  much  less  aflected  by  water  than  glass ;  alkaline  liquids  also  ex- 
ercise a  less  powerful  solvent  action  on  porcelain  than  on  glass ;  the 
quantity  dissolved  is,  however,  still  notable.  Solution  of  chloride  of  am- 
monium acts  on  porcelain  as  strongly  as  on  glass ;  dilute  acids,  though 
exercising  no  veiy  powerful  solvent  action  on  porcelain,  yet  attack  that 
material  more  strongly  than  glass.  It  results  from  these  data,  that  in 
analyses  pretending  to  a  high  degree  of  accuracy,  platinum  or  platinum- 
iridium  or  silver  dishes  should  always  be  preferred.  The  former  may 
be  used  in  all  cases  where  no  free  chlorine,  bromine,  or  iodine  is  present 
in  the  fluid,  or  can  be  formed  during  evaporation.  Fluids  containing 
caustic  alkalies  may  safely  be  evaporated  in  platinum,  but  not  to  the 
point  of  fusion  of  the  residue.  Silver  vessels  should  never  be  used  to  evap- 
orate acid  fluids  nor  liquids  containing  alkaline  sulphides ;  but  they  are 
admirably  suited  for  solutions  of  caustic  and  carbonated  alkalies,  as  well 
as  of  most  neutral  salts. 

§42. 

We  come  now  to  weighing  tiie  residues  remaining  upon  ike  evapo- 
Taction  of  fluids.  We  allude  here  simply  to  such  as  are  soluble  in 
water  ;  those  which  are  separated  by  filtration  will  be  treated  of  afterwards. 
Residues  are  generally  weighed  in  the  same  vessel  in  which  the  evaporation 
lias  been  completed,  for  which  purpose  platinum  dishes,  from  4  to  8  cm.  in 

diameter,  provided  with  light  covers,  or  large  plati- 
num cinicibles,  are  best  adapted,  since  they  are 
lighter  than  porcelain  vessels  of  the  same  capacity. 
However,  in  most  cases,  the  amount  of  liquid 
to  be  evaporated  is  too  large  for  so  small  a  vessel, 
and  its  evaporation  in  portions  would  occupy  too 
much  time.  The  best  way,  in  cases  of  this  kind, 
is  to  concentrate  the  liquid  first  in  a  larger  vessel, 
and  to  terminate  the  operation  afterwards  in  the 
smaller  weighing  vessel. 
Pig.  31.  In  transfening  the  fluid  from  the  larger  to  the 

smaller  vessel,  the  lip  of  the  former  is  slightly 
greased,  and  the  liquid  made  to  run  down  a  glass  rod.    (See  fig.  31.) 
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Finally  the  large  vessel  is  carefully  rinsed  with  a  washing-bottle,  until  a 
drop  of  the  last  rinsing  leaves  no  longer  a  residue  upon  evaporation  on  a 
platinum  knife.  When  the  fluid  has  thus  been  transferred  to  the  weigh- 
ing-vessel, the  evaporation  is  completed  on  the  water-bath  and  the  resi> 
duary  substance  finally  ignited,  provided,  of  course,  ifc  will  admit  of  this 
process.  For  this  purpose  the  dish  is  covered  with  a  lid  of  thin  plati- 
num (or  a  thin  glass  plate),  and  then  placed  high  over  the  flame  of  a 
lamp,  and  heated  very  gently  until  all  the  water  which  may  still  adhere 
to  the  substance  is  expelled ;  the  dish  is  now  exposed  to  a  stronger,  and 
finally  to  a  red-heat.  (Where  a  glass  plate  is  used,  this  must,  of  course, 
be  removed  before  igniting.)  In  this  case  it  is  aJso  well  to  make  the 
flame  play  obliquely  on  the  cover  from  above,  so  as  to  run  a^  little  risk 
as  possible  of  loss  by  spiiiing.  After  cooling  in  a  desiccator,  the  covered 
dish  is  weighed  with  its  contents.  When  operating  upon  substances 
which  decrepitate,  such  as  chloride  of  soditmi,  for  instance,  it  is  advisa- 
ble to  expose  them — after  their  removal  from  the  water-bath,  and  pre- 
viously to  the  application  of  a  naked  flame — to  a  temperature  somewhat 
above  100°,  either  in  the  air-bath,  or  on  a  sand-bath,  or  on  a  common 
stove. 

If  the  residue  does  not  admit  of  ignition,  as  is  the  case,  for  instance, 
with  organic  substances,  ammoniacal  salts,  <kc.,  it  is  dried  at  a  tempera- 
ture suited  to  its  nature.  In  many  cases,  the  temperature  of  the  water- 
bath  is  sufficiently  high  for  this  purpose,  for  the  drying  of  chloride  of  am- 
monium, for  instance ;  in  others,  the  air  or  oil-bath  must  be  resorted  to. 
(See  §§  29  and  30.)  Under  any  circumstances,  the  desiccation  must  be 
continued  until  the  substance  ceases  to  sufler  the  slightest  diminution 
in  weight,  after  renewed  exposure  to  heat  for  half  an  hour.  The  dish 
should  invariably  be  covered  during  the  process  of  weighing. 

If,  as  will  frequently  happen,  we  have  to  deal  with  a  fluid  containing 
a  small  quantity  of  a  salt  of  potassa  or  soda,  the  weight  of  which  we 
want  to  ascertain,  in  presence  of  a  comparatively  large  amount  of  a  salt 
of  ammonia,  which  has  been  mixed  with  it  in  the  course  of  the  analytical 
process,  I  prefer  the  following  method  :  The  saline  mass  is  thoroughly 
dried,  in  a  large  dish,  on  the  water-bath,  or,  towards  the  end  of  the  pro- 
cess, at  a  temperature  somewhat  exceeding  100°.  The  dry  mass  is  then, 
with  the  aid  of  a  platinum  spatula,  transferred  to  a  small  glass  dish, 
which  is  put  aside  for  a  time  in  a  desiccator.  The  last  traces  of  the 
salt  left  adhering  to  the  sides  and  bottom  of  the  large  dish  are  rinsed  off 
with  a  little  water  into  the  small  dish,  or  the  large  crucible,  in  which  it 
is  intended  to  weigh  the  salt ;  the  water  is  then  evaporated,  and  the  dry 
contents  of  the  glass  dish  are  added  to  the  residue :  the  ammonia  salts 
are  now  expelled  by  ignition,  and  the  residuary  fixed  salts  finally  weighed. 
Should  some  traces  of  the  saline  mass  adhere  to  the  smaller  glass  dish, 
they  ought  to  be  removed  and  transferred  to  the  weighing  vessel,  with 
the  aid  of  a  little  pounded  chloride  of  ammonium,  or  some  other  salt 
of  ammonia,  as  the  moistening  again  with  water  would  involve  an  almost 
eertain  loss  of  substance. 

§  43. 

5.  Pkecipitatiok. 

Precipitation  is  resorted  to  in  quantitative  analysis  far  more  frequently 
tlian  ev  ^oration,  since  it  serves  not  merely  to  convert  substances  into 
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forms  adapted  for  weighing,  but  also,  and  more  especially,  to  separate 
them  from  one  another.  The  principal  intention  in  precipitation,  for  the 
purpose  of  quantitative  estimations,  is  to  convert  the  substance  in  solu* 
tion  into  a  form  in  which  it  is  insoluble  in  the  menstruum  present. 
The  result  will,  therefore,  coiteris  parihusy  be  the  more  accurate,  the 
more  the  precipitated  body  deserves  the  epithet  insoluble,  and  in  cases 
where  precipitates  are  of  the  same  degree  of  solubility,  that  one  will 
suffer  the  least  loss  which  comes  in  contact  with  the  smallest  amount  of 
solvent. 

Hence  it  follows,  first,  that  in  all  cases  where  other  circumstances  do 
not  interfere,  it  is  preferable  to  precipitate  substances  in  their  most  inso- 
luble form ;  thus,  for  instance,  baryta  had  better  be  precipitated  as  sul- 
phate than  as  carbonate ;  secondly,  that  when  we  have  to  deal  with  pre- 
cipitates that  are  not  quite  insoluble  in  the  menstruum  present,  we  must 
endeavor  to  remove  that  menstruum,  as  far  as  practicable,  by  evapora- 
tion ;  thus  a  dilute  solution  of  strontia  should  be  concentrated,  before 
proceeding  to  precipitate  the  strontia  with  sulphuric  acid ;  and,  thirdly, 
that  when  we  have  to  deal  with  precipitates  slightly  soluble  in  the  liquid 
present,  but  insoluble  in  another  menstruum,  into  which  the  former  may 
be  converted  by  the  addition  of  some  substance  or  other,  we  ought  to 
endeavor  to  bring  about  this  modification  of  the  menstruum.  Thus,  for 
instance,  alcohol  may  be  added  to  water,  to  induce  complete  precipita- 
tion of  chloride  of  platinum  and  ammonium,  chloride  of  lead,  sulphate 
of  lime,  &c. ;  thus  again,  the  basic  phosphate  of  magnesia  and  ammonia 
may  be  rendered  insoluble  in  an  aqueous  menstnium  by  adding  ammonia 
to  the  latter,  <&c. 

Precipitation  is  generally  effected  in  beakers.  In  cases,  however, 
where  we  have  to  precipitate  from  fluids  in  a  state  of  ebullition,  or 
where  the  precipitate  requires  to  be  kept  boiling  for  some  time  with 
the  fluid,  flasks  or  dishes  are  substituted  for  beakers,  with  due  regard 
always  to  the  material  of  which  they  are  made  (see  Evaporation,  §  ^l^ 
at  the  end). 

The  separation  of  precipitates  from  the  fluid  in  which  they  are  sus- 
pended, is  effected  either  by  decantatlon  or  filtration^  or  by  both  theso 
processes  jointly.  But,  before  proceeding  to  the  sepai-ation  of  the  pre- 
cipitate by  any  of  these  methods,  the  operator  must  know  whether  the 
precipitant  has  been  added  in  sufficient  quantity,  and  whether  the  pre- 
cipitate is  completely  formed.  To  determine  the  latter  point,  an  accurate 
knowledge  of  the  properties  of  the  various  precipitates  must  be  attained, 
which  we  shall  endeavor  to  supply  in  the  third  section.  To  decide  the 
former  question,  it  is  usually  sufficient  to  add  to  the  fluid  (after  the  pre- 
cipitate has  settled)  cautiously  a  fresh  portion  of  the  precipitant,  and  to 
note  if  a  further  turbidity  ensues.  This  test,  however,  is  not  infallible, 
when  the  precipitate  has  not  the  property  of  forming  immediately ;  as, 
for  instance,  is  the  case  with  phospho-molybdate  of  ammonia.  When  this 
is  apprehended,  pour  out  (or  ti^nsfer  with  a  pipette)  a  small  quantity 
of  the  clear  supernatant  fluid  into  another  vessel,  add  some  of  the  pre- 
cipitant, warm,  if  necessary ;  and  after  some  time  look  and  see  whether 
a  fresh  precipitate  has  formed.  As  a  general  rule,  the  precipitated  liquid 
should  be  allowed  to  stand  at  rest  for  several  hours,  before  prooeeding  to 
the  separation  of  the  precipitate.  This  rule  applies  more  particularly 
to  crystalline,  pulverulent,  and  gelatinous  precipitates,  whilst  curdy  anc 
flocculent  precipitates,  more  particularly  when  the  precipitation  waa 
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eff(?cted  at  a  boiling  temperature,  may  often  be  filtered  off  immediately. 
However,  we  must  observe  here,  that  all  general  rules,  in  this  respect^ 
are  of  limited  application* 

§44. 
a.  Sepabatiok  of  Precipitates  by  Decantation. 

"When  a  precipitate  subsides  so  completely  and  speedily  in  a  fluid  thai 
the  latter  may  be  decanted  off  perfectly  clear,  or  drawn  off  with  a 
syphon,  or  removed  by  means  of  a  pipette,  and  that  the  washing  of  the 
precipitate  does  not  require  a  very  long  time,  decantation  is  often  resorted 
to  for  its  separation  and  washing ;  this  is  the  case,  for  instance,  with 
chloride  of  silver,  metallic  mercury,  <kc. 

Decantation  will  always  be  found  a  very  expeditious  and  accurate 
method  of  separation,  if  the  process  be  conducted  with  due  care ;  it  ifi 
necessary,  however,  in  most  cases,  to  promote  the  speedy  and  complete 
subsidence  of  the  precipitate  ;  and  it  may  be  laid  down  as  a  general  rule, 
that  heating  the  precipitate  with  the  fluid  will  produce  the  desired  effect. 
Nevertheless,  there  are  instances  in  which  the  simple  application  of  heat 
will  not  suffice ;  in  some  cases,  as  with  chloride  of  silver,  for  instance, 
agitation  must  be  resorted  to ;  in  other  cases,  some  reagent  or  other  is 
to  be  added — hydrochloric  acid,  for  instance,  in  the  precipitation  of  mer- 
cury, <kc.  We  shall  have  occasion,  subsequently,  in  the  fourth  section, 
to  discuss  this  point  more  fully,  when  we  shall  also  mention  the  vessels 
best  adapted  for  the  application  of  this  process  to  the  various  precipitates. 

After  having  washed  the  precipitate  repeatedly  with  fresh  quantities 
of  the  proper  fluid,  until  there  is  no  trace  of  a  dissolved  substance  to  be 
detected  in  the  last  rinsings,  it  is  placed  in  a  crucible  or  dish,  if  not 
already  in  a  vessel  of  that  description  ;  the  fluid  still  adhering  to  it  is 
poured  off  as  far  as  practicable,  and  the  precipitate  is  then,  according  to 
its  nature,  either  simply  dried,  or  heated  to  redness. 

A  far  larger  amount  of  water  being  required  for  washing  precipitates 
by  decantation  than  on  filter's,  the  former  process  can  be  expected  to 
yield  accurate  results  only  where  the  precipitates  are  absolutely  in- 
sdtible.  For  the  same  reason,  decantation  is  not  ordinarily  resorted  to 
in  cases  where  we  have  to  determine  other  constituents  in  the  decanted 
fluid. 

The  decanted  fluid  must  be  allowed  to  stand  at  rest  from  twelve  to 
twenty-four  hours,  to  make  quite  sure  that  it  contains  no  particles  of 
the  precipitate  ;  if,  after  the  lapse  of  this  time,  no  precipitate  is  visible, 
the  fluid  may  be  thrown  away ;  but  if  a  precipitate  has  subsided,  this 
had  better  be  estimated  by  itself,  and  the  weight  added  to  the  main 
amount;  the  precipitate  may,  in  such  cases,  be  separated  from  the 
jnpematant  fluid  by  decantation,  or  by  filtration. 

§46. 
fi.  Separation  op  Precipitates  by  Filtration. 

This  operation  is  resorted  to  whenever  decantation  is  impracticable, 
and,  consequently,  in  the  great  majority  of  cases ;  provided  always  the 
precipitate  is  of  a  natui*e  to  admit  of  its  being  completely  freed,  by  mere 
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wasliing  on  the  filter,  from  all  foreign  substances.  Where  this  is  not 
the  case,  more  particularly,  therefore,  with  gelatinous  precipitates,  hy- 
drate of  alumina  for  instance,  a  combination  of  decantation  and  fiitra^' 
tion  is  resorted  to  (§  48). 


aa,  FiLTfiRtNG  Apparatus. 

Filtration,  as  a  process  of  quantitative  analysis,  is  almost  exclusively 
effected  by  means  of  paper. 

Plain  circular  filters  arc  most  generally  employed  ;  plaited  filters  are 
only  occasionally  used.  Much  depends  upon  the  quality  of  the  paper* 
Good  filtering-pai>er  must  possess  the  three  following  propei-ties: — 1. 
It  must  completely  retain  the  finest  precipitates ;  2.  It  must  filter  rap- 
idly ;  and  3.  It  must  be  as  free  as  possible  from  any  admixture  of  inor- 
ganic bodies,  but  more  especially  from  such  as  are  soluble  in  acid  or 
alkaline  fluids. 

It  is  a  matter  of  some  difficulty,  however,  to  procure  paper  fully  an- 
swei-ing  these  conditions.  The  Swedish  JUtering  paper y  with  the  water- 
mark J.  H.  MuNKTELL,  is  Considered  the  best,  and,  consequently,  fetches 
the  highest  price  ;  but  even  this  answers  only  the  first  two  conditions, 
being  by  no  means  sufiicieiitly  pure  for  very  accurate  analyses,  since  it 
leaves  upon  incineration  about  0*3  per  cent,  of  ash,*  and  yields  to  acids 
perceptible  traces  of  lime,  magnesia,  and  sesquioxide  of  iron.  For  exact 
experiments  it  is,  consequently,  necessary  first  to  extract  the  paper  with 
dilute  hydrochloric  acid,  then  to  wash  the  acid  completely  out  with 
water,  and  finally  to  dry  the  paper.  In  the  case  of  very  fine  filtering- 
paper,  the  best  way  to  perform  this  operation  is  to  place  the  ready-cut  fil- 
ters, several  together,  in  a  funnel,  exactly  the  same  way  as  if  intended  for 
immediate  filtration ;  they  are  then  moistened  with  a  mixture  of  one  part 
of  ordinary  pure  hydrochloric  acid  with  two  parts  of  water,  which  is  al- 
lowed to  act  on  them  for  about  ten  minutes ;  after  this  all  traces 
of  the  acid  are  carefully  removed  by  washing  the  filters  in  the 
funnel  repeatedly  with  warm  water.  The  funnel  being  then  covered 
with  a  piece  of  paper,  turned  over  the  edges,  is  put  in  a  waim  place  un- 
til the  filters  are  dry.  Compare  the  instruction  given  in  the  "  QuaL 
Anal.,"  Am.  Ed.,  p.  8,  on  the  preparation  of  washed  filters.  Filter  papeif 
containing  lead,  and  which  is  consequently  blackened  by  sulphuretted 
hydrogen,  should  be  rejected. 

Ready-cut  filters  of  various  sizes  should  always  be  kept  on  hand* 
Filters  are  either  cut  by  circular  patterns  of  pasteboard  or  tin,  or,  still 

better,  by  Mohr's  filter-patterns^ 
^g.  32.  This  little  apparatus  is 
made  of  tin-plate,  and  consists  of 
two  parts.  ^  is  a  quadrant  fit- 
ting in  Ay  whose  stiuight  edges 
are  turned  up,  and  which  is  slight- 
ly smaller  than  £.  The  sheets  of 
filter-paper  are  first  cut  up  into 
squares,  which  are  folded  in  qnar- 
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*  Plantamour  fotmd  the  aah  of  Swedish  filtering  paper  to  consist  of  63*23  eUi- 
tic  acid,  12-83  lime,  G-21  magnesia,  2  94  alumina,  and  13 '92  aeaquioxide  of  iron , 
m  100  parts. 
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tera,  and  placed  iu  A ,  then  B  is  placed  on  the  top,  and  the  free  edge 
of  the  paper  is  cut  off  with  scissora.  Filters  cut  in  thia  way  are  perfectly 
(drciilar,  and  of  equal  size. 

Several  paira  of  these  patterns  of  various  si;!es  (3,  4,  5,  6,  6'd,  and  8 
cm.  radius)  should  be  procured.  In  taidng  a  filter  for  a  given  opera- 
tion, you  Hhotild  always  choose  one  which,  after  the  fluid  has  nui 
through,  will  not  be  more  than  half  filled  with  the  precipitate. 

As  to  the  funnels,  they  should  be  inclined  at  the  angle  of  60°,  and 
not  bulge  at  the  sides.     Glass  is  the  most  suitable  material  for  them. 


The  filter  should  never  protmde  beyond  the  funneL  It  should  come 
np  to  one  or  two  lines  fram  the  edge  of  the  latter. 

The  filter  ia  firmly  pressed  into  the  funnel,  to  make  the  paper  fit  closely 
to  the  side  of  the  latter  ;  it  is  then  moistened  with  water ;  any  extra  wat^ 
is  not  poured  out,  but  allowed  to  drop  through. 

The  stands  shown  in  figs.  33  and  Zi  complete  the  apparatus  for  filter* 
ing. 

[The  stend  in  fig.  34  serves  at  once  as  support  for  the  fiumel  and 
cover  for  the  receiving  vessel.  The  funnel  is  sustained  by  a  ring  of  wood 
of  such  height  that  only  the  neck  of  the  funnel  comes  below  the  shelf. 
The  shelf  is  10  cm.,  and  the  ring  15  cm.  thick.  The  opening  of  the  ring 
above  is  30  cm.] 

The  stands  are  made  of  hard  wood.  The  arm  holding  the  iimnel  or 
funnels  must  slide  easily  up  and  down,  and  be  fixable  by  the  screw. 
Hie  holes  forthe  funnels  must  be  cut  conically,tokeeptheAiimebsteailily 
in  their  place. 

These  stands  are  very  convenient,  and  may  be  readily  moved  about 
^thout  interfering  with  the  operation. 
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§46. 
hh.  Rules  to  be  observed  in  the  Process  of  Filtratiok. 

In  the  case  of  curdy,  flocculent,  gelatinous,  or  crystalline  precipitates 
there  is  no  danger  of  the  fluid  passing  turbid  through  the  filter.  Bui 
with  fine  pulverulent  precipitates  it  is  generally  necessary,  and  always 
advisable^  to  let  the  precipitate  subside,  and  then  filter  the  supernatant 
liquid,  before  proceeding  to  place  the  precipitate  upon  the  filter.  We 
generally  proceed  in  this  way  also  with  other  kinds  of  precipitates,  espe- 
cally  with  those  that  require  to  stand  long  before  they  completely  separate. 
Precipitates  which  have  been  thrown  down  hot,  are  most  properly  filtered 
off  before  cooling  (provided  always  there  be  no  objections  to  this  course), 
since  hot  fluids  run  through  the  filter  more  speedily  than  cold  ones.  Some 
precipitates  have  a  tendency  to  be  carried  through  the  filter  along  with  the 
fluid ;  this  may  be  prevented  in  some  instances  by  modifying  the  latter. 
Thus  sulphate  of  baryta,  when  filtered  from  an  aqueous  solution,  passes 
rather  easily  through  the  filter — the  addition  of  hydrochloric  acid  or 
chloride  of  ammonium  prevents  this  in  a  great  measure. 

If  the  operator  finds,  during  a  filtration,  that  the  filter  would  be  much 
more  than  half  filled  by  the  precipitate,  he  would  better  use  an  additional 
filter,  and  thus  distribute  the  precipitate  over  the  two  ;  for,  if  the  first 
wei*e  too  full,  the  precipitate  could  not  be  properly  washed. 

The  fluid  ought  never  to  be  poured  directly  upon  the  filter,  but  always 
down  a  glass  rod,  and  the  lip  or  rim  of  the  vessel  from  which  the  fluid  is 
poured  should  always  be  slightly  greased  with  tallow.*  The  stream 
ought  invariably  to  be  directed  towards  the  sides  of  the  filter,  never  to 
the  centre,  since  this  might  occasion  loss  by  splashing.  In  cases  where 
the  fluid  has  to  be  filtered  off,  with  the  least  possible  disturbance  of  the 
precipitate,  the  glass  rod  must  not  be  placed,  during  the  inten^als,  in  the 
vessel  containing  the  precipitate ;  but  it  may  conveniently  be  put  into 
a  clean  glass,  which  is  finally  rinsed  with  the  wash-water. 

The  filtrate  is  received  either  in  flasks,  beakers,  or  dishes,  according  to 
the  vaiioiis  purposes  for  which  it  may  be  intended.  Strict  care  should  be 
taken  that  the  drops  of  fluid  filtering  through  glide  down  the  side  of  the 
receiving  vessel ;  they  should  never  be  allowed  to  fall  int^  the  centre  of 
the  filtrate,  since  this  again  might  occasion  loss  by  splashing. '  The  best 
method  is  that  shown  in  fig.  34,  viz.,  to  rest  the  point  of  the  funnel  against 
the  upper  part  of  the  inside  of  the  receiving  vessel. 

If  the  process  of  filtration  is  conducted  in  a  place  perfectly  free  from 
dust,  there  is  no  necessity  to  cover  the  funnel,  nor  the  vessel  receiving  the 
filtrate ;  however,  as  this  is  but  rarely  the  case^  it  is  generally  indispensable 
to  cover  both.  This  is  best  effected  with  round  plates  of  sheet-glass. 
The  plate  used  for  covering  the  receiving  vessel  should  have  a  small 
U-shaped  piece  cut  out  of  its  edge,  large  enough  for  the  funnel-tube  to 
go  through.  The  effect  desired  may  be  produced  by  cautiously  chipping 
out  the  glass  bit  by  bit  with  the  aid  of  a  key.  Plates  perforated  in  the 
centre  are  worthless  as  regards  the  object  in  view. 

After  the  fluid  and  precipitate  have  been  transferred  to  the  filter,  and 
the  vessel  which  originally  contained  them  has  been  rinsed  repeatedly  with 

*  The  tallow  may  be  kept  under  the  edge  of  the  work-table  at  a  convenient 
point,  where  it  will  adhere  by  a  little  pressure.  The  best  way  of  applying  th« 
tallow  to  the  lip  of  a  vessel  is  with  the  greased  finger. 
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wat^r,  it  he^pens  genorally  that  small  particlee  of  the  precipitate  remali 
adhering  to  the  vesHel,  which  caimot  be  removed  with  the  glass  rod.  From 
[>eakera  or  dishes  these  particles  may  be  rendily  removed  by  ineaiiB  of  a 
feather  prepared  for  the  purfwae  by  tearing  off  nearly  the  whole  of  the 
plumules,  leaving  only  a  small  piece  at  the  end  which  should  be  cut  per- 
fectly straight.  From  flasks,  minute  porlions  of  heavy  precipitates  which 
are  act  adherent,  are  readily  removed  by  blowing  a  jet  of  water  into  the 
flask,  held  inverted  over  the  funnel ;  thia  is  effected  by  means  of  the 
washing-bottle  shown  in  fig.  36.  If  the  minute  adhering  particles  of  a 
precipitate  cannot  be  removed  by  mechanical  means,  solution  in  an 
appropriate  menstruum  must  be  resorted  to,  followed  by  re-precipitation. 
Bodies  for  which  we  possess  no  solvent,  such  aa  sulphate  of  baryta,  for 
instance,  must  not  be  precipitated  in  flasks. 

§«. 

ce.  WAHHraa  OF  Pbecifitates. 
After  having  transfen-ed  the  precipitate  completely  to  the  filter,  we 
have  next  to  perform  the  operation  of  washing ;  this  is  effected  by  means 
of  one  of  the  well-known  washing-bottles,  of  which  I  prefer  the  one 
represented  in  fig.  35  in  every  respect.  The  doubly  perforated  stoppers 
are  of  vulcanized  rubber. 


Fig.  as.  Fig.  36.  Fig.  87. 

Care  must  always  be  taken  to  properly  regulate  the  jet,  as  too  impetu- 
ous a  stream  of  water  might  occasion  loss  of  substance. 

In  cases  where  a  precipitate  has  to  be  washed  with  great  caution,  the 
apparatus  illustrated  in  tig.  37  vrill  be  found  to  answer  very  well. 

The  construction  of  this  apparatus  requires  no  explanation.  When 
the  flask  is  inverted,  it  supplies  a  fine  continuous  jet  of  water. 

Precipitates  requiring  washing  with  water,  are  washed  most  expe- 
ditiously with  hot  water,  provided  always  there  be  no  special  reason 
against  its  use.  The  washing-bottle  shown  in  fig.  36  is  particularly  weU 
adapted  for  this  purpose.  The  cork  which  is  fastened  to  the  neck  of  the 
flask  with  wire  serves  to  facilitate  holding  it. 

It  is  a  rulo  in  washing  precipitates  not  to  add  fresh  waah-water  to  the 
filter  till  the  old  has  quite  run  through.  In  applying  the  jet  of  water  you 
have  to  take  care  on  the  one  hand  that  the  upper  edge  of  the  filter  ir 
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properly  Mrashed,  and  on  the  other  hand  that  no  canals  are  formed  in  the 
pi-ecipitate,  through  which  the  fliiid  runs  off,  without  coming  in  contact 
with  the  whole  of  the  precipitate.  If  such  canals  have  formed  and  cannot 
be  broken  up  by  the  jet,  the  precipitate  must  be  stirred  cautiously  with  a 
small  platinum  knife  or  glass  rod. 

The  washing  may  be  considered  completed  when  all  soluble  matter  that 
is  to  be  removed  has  been  got  rid  of.  The  beginner  who  devotes  proper 
attention  to  the  completion  of  this  operation  shuns  one  of  the  rocks  which 
he  is  most  likely  to  encounter.  Whether  the  precipitate  has  been  com- 
pletely washed  may  generally  be  ascertained  by  slowly  evaporating  a  drop 
of  the  last  washings  upon  a  platinum  knife,  and  observing  if  a  residue  ia 
left.  But  in  cases  where  the  precipitate  is  not  altogether  insoluble  in 
water  (sulphate  of  strontia,  for  instance),  recourse  must  be  had  to  more 
special  tests,  which  we  shall  have  occasioi;^  to  point  out  in  the  oourse  of 
the  work.  The  student  should  never  discontinue  the  washing  of  a  pre- 
tipitate  because  he  simply  imagines  it  is  finished — ^he  must  be  certain. 

y.  Separation  op  Precipitates  by  Decantation  and  Filtration 

COMBINED. 

In  the  case  of  precipitates  which,  from  their  gelatinous  nature,  or  from 
the  firm  adhesion  of  certain  coprecipitated  salts,  oppose  insuperable,  or,  at 
all  events,  considerable  obstacles  to  perfect  washing  on  the  filter,  the  fol- 
lowing method  is  resorted  to :  Let  the  precipitate  subside  as  far  as  prac- 
ticable, pour  the  nearly  clear  supernatant  liquid  on  the  filter,  stir  the  pre- 
cipitate up  with  the  washing  fluid  (in  certain  cases,  where  such  a  course 
is  indicated,  heat  to  boiling),  let  it  subside  again,  and  i*epeat  this  opera- 
tion until  the  precipitate  is  almost  thoroughly  washed.  Transfer  it  now 
to  the  filter,  and  complete  the  operation  with  the  washing-bottle  (see 
§  47).  This  method  is  highly  to  be  recommended  ;  there  are  many  pre- 
cipitates that  can  be  thoroughly  washed  only  by  its  application. 

In  cases  where  it  is  not  intended  to  weigh  the  precipitate  washed  by 
decantation,  but  to  dissolve  it  again,  the  operation  of  washing  is  entirely 
completed  by  decantation,  and  the  precipitate  not  even  transferred  to  the 
filter.  The  re-solution  of  the  bulk  of  the  precipitate  being  effected  in  the 
vessel  containing  it,  the  filter  is  placed  over  the  latter,  and  the  solvent 
passed  through  it.  Although  the  termination  of  the  operation  of  washing 
may  be  usually  ascertained  by  testing  a  sample  of  the  washings  for  one  of 
the  substances  originally  present  in  the  solution  which  has  to  be  removed 
(for  hydrochloric  acid,  for  instance,  with  nitrate  of  silver),  still  there  are 
cases  in  which  this  mode  of  proceeding  is  inapplicable.  In  such  cases,  and 
indeed  in  processes  of  washing  by  decantation  generally,  Bunsen^s  method 
will  be  found  convenient — viz.,  to  continue  the  process  of  washing  until 
the  fluid  which  had  remained  in  the  beaker,  after  the  first  decantation, 
has  undergone  a  ten  thousand-fold  dilution.  To  effect  this,  measure 
with  a  slip  of  paper  the  height  from  the  bottom  of  this  beaker  to  the  sur- 
face of  the  fluid  remaining  in  it,  together  with  the  precipitate,  after  the 
first  decantation  ;  then  fill  the  beaker  with  water,  if  possible,  boiling,  and 
measure  the  entire  height  of  the  fluid ;  divide  the  length  of  the  second 
column  by  that  of  the  fii*st.  Go  through  the  same  process  each  time  you 
add  fresh  water,  and  always  multiply  the  quotient  found  with  the  number 
obtained  in  the  [>receding  calculation,  until  you  reach  10000. 
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§49. 

Further  Treatment  of  Precipitates* 

Before  proceeding  to  weigh  a  precipitate,  it  still  remains  to  convert  it 
into  a  form  of  accurately  known  composition.  This  is  done  either  hy 
igniting  or  by  drying.  The  latter  proceeding  is  more  protracted  and 
tedious  than  the  former,  and  is,  moreover,  apt  to  give  less  accurate  results. 
The  process  of  drying  is,  therefore,  as  a  general  rule,  applied  only  to  pre- 
cipitates which  cannot  bear  exposui-e  to  a  red  heat  without  undergoing 
total  or  partial  volatilization ;  or  whose  residues  left  upon  ignition  have 
no  constant  composition  ;  thus,  for  instance,  drjdng  is  resorted  to  in  the 
case  of  sulphide  of  mercury,  sulphide  of  arsenic,  and  other  metallic  sul- 
phides ;  and  also  in  the  case  of  cyanide  of  silver,  double  chloride  of 
platinum  and  potassium,  &c. 

But  whenever  the  nature  of  the  precipitate  {e.g.,  sulphate  of  baryta, 
sulphate  of  lead,  and  many  other  compounds)  leaves  the  operator  at 
liberty  to  choose  between  drying  and  heating  to  redness,  the  latter  pro- 
cess is  almost  invaiiably  preferred. 

§50. 
oa.  Drying  of  JPrecipitatea. 

When  a  precipitate  has  been  collected,  washed,  and  dried  on  a  filter, 
minute  particles  of  it  adhere  so  firmly  to  the  paper  that  it  is  found 
impossible  to  remove  them.  The  weighing  of  dried  precipitates  in- 
volves, therefore,  in  all  accurate  analyses,  the  drying  and  weighing  of 
the  filter  also.  To  obtain  accurate  results,  it  is  necessary  to  dry  and 
weigh  the  filter  before  using  it ;  the  temperature  e t  which  the  filter  is 
dried  must  be  the  same  as  that  to  which  it  is  intended  subsequently 
to  expose  the  precipitate.  Another  condition  is  that  the  filteiing-paper 
must  not  contain  any  substance  liable  to  be  dissolved  by  the  fluid  pass- 
ing through  it. 

The  drying  is  conducted  either  in  the  water-,  air-,  or  oil-bath,  accord- 
ing to  the  degree  of  heat  required.  The  weighing  is  performed  in  a 
closed  vessel,  mostly  between  two  clasped  watch-glasses  (^g.  20),  or  in  a 
platinum  crucible.  When  the  filter  appears  dry,  it  is  placed  between  the 
warm  watch-glasses,  or  in  the  warm  crucible,  allowed  to  cool  under  a 
bell-glass,  over  sulphuric  acid,  and  weighed.  The  reopened  crucible  or 
watch-glasses,  together  with  the  filter,  ai^e  then  again  exposed  for  some 
time  to  the  required  degree  of  heat,  and,  after  cooling,  weighed  once 
more.  If  the  weight  does  not  diifer  from  that  found  at  first,  the  filter 
may  be  considered  dry,  and  we  have  simply  to  note  the  collective  weight 
of  the  watch*glasses,  clasp,  and  filter,  or  of  the  crucible  and  filter. 

After  the  washing  of  the  precipitate  has  been  concluded  and  the  water 
allowed  to  run  off  as  far  as  possible,  the  filter  with  the  precipitate  is  taken 
off  the  fxinnel,  folde  J  up,  and  placed  upon  blotting-paper,  which  is  then 
kept  for  some  time  in  a  moderately  warm  place  protected  from  dust ;  it  is 
finally  put  into  one  of  the  watch-glasses,  or  into  the  uncovered  platinum 
crucible,  with  which  it  was  first  weighed,  and  exposed  to  the  ai)propriate 
degree  of  heat,  either  in  the  water-,  air-,  or  oil-bath.  When  it  is  judged 
that  the  precipitate  is  dry,  the  second  watch-glass,  or  the  lid  of  the  crucible 
is  put  on  (with  the  clasp  pushed  over  the  two  in  the  former  case),  and  ihn 
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whole,  after  cooling  in  the  desiccator,  ia  weighed.  The  filter  axid  the 
precipitate  are  then  again  exposed,  in  the  same  way,  to  the  proper  drying 
temperature,  allowed  to  cool,  and  weighed  again,  the  same  process  being 
repeated  until  the  weight  remains  constant  or  varies  only  to  the  extent 
of  a  few  deci-milligrammes.  By  subtracting  from  the  weight  found  the 
tare  of  the  crucible  or  watch-glasses  and  filter,  we  obtain  the  weight  of 
the  dry  precipitate.  [The  filter  must  not  be  dried  too  long,  as  it  slowly 
loses  weight,  and  even  becomes  brown  from  decomposition  when  heated  to 
100°  for  days  together.] 

It  happens  sometimes  that  the  precipitate  nearly  fills  the  filter,  or  retains 
a  considerable  amount  of  water ;  or  sometimes  the  paper  is  so  thin  that  its 
removal  from  the  funnel  cannot  well  be  effected  without  tearing.  In  all 
such  cases,  the  best  way  is  to  let  the  filter  and  precipitate  get  nearly  dry 

in  the  funnel,  which  may  be  effected  readily 
by  covering  the  latter  with  a  piece  of  blotting- 
paper*  to  keep  out  the  dust,  and  placing  it, 
supported  on  a  broken  beaker  (fig.  38),  or 
some  other  vessel  of  the  kind,  on  the  steam- 
apparatus  or   sand-bath,  or   stove,  or    on  a 
heated  iron  plate.     For  support  to  a  funnel 
while  drying  a  hollow  frustum  of  a  cone  open 
both  ends,  made  of  sheet  zinc  (fig.  39),  is  con- 
venient.    Two  sizes  may  be  used,  10  cm.  and  12  cm.  high  respectively. 
The  lower  diameter  should  be  from  7  to  8,  the  upper  from  4  to  6  cm. 


Fig.  38. 


Fig.  39. 


§  51. 
hb.  Ignition  of  Precipitates, 

In  this  process  it  is  necessary  to  bum  the  filter  and  subtract  the 
weight  of  the  filter  ash  from  the  total  weight  found. 

If  care  be  taken  to  make  the  filters  always  of  the  same  paper,  and  to  cut 
every  size  by  a  pattern,  the  quantity  of  ash  which  each  size  yields  upon 
incineration  may  be  readily  determined.  It  is  necessary,  however,  to 
determine  separately  the  quantity  of  ash  left  by  ordinary  filters,  and  that 
left  by  filtei-s  which  have  been  washed  with  hydrochloric  acid  and  water ; 
on  an  average  the  latter  leave  about  half  as  much  ash  as  the  former.  To 
determine  the  filter  ash  take  ten  filters  (or  an  equal  weight  of  cuttings 
from  the  same  paper),  burn  them  in  an  obliquely-placed  platinum  crucible, 
and  ignite  until  eveiy  trace  of  carbon  is  consumed ;  then  weigh  the  ash, 
and  divide  the  amount  found  by  ten  ;  the  quotient  expresses,  with  suf- 
ficient precision,  the  average  quantity  of  ash  which  every  individual  filter 
leaves  upon  incineration. 

In  the  ignition  of  pi*ecipitates,  the  following  four  points  have  to  be 
more  particularly  regarded : 
•    1.  No  loss  of  substance  must  be  incurred ; 

2.  The  ignited  precipitates  must  really  be  the  bodies  they  are  repre- 
sented to  be  in  the  calculation  of  the  results; 


*  Turned  down  over  the  rim.  Or  more  neatly,  as  follows : — ^Wet  a  common  cut 
filter,  stretch  it  over  the  ground  top  of  the  funnel,  and  then  gently  tear  off  the 
superfluous  paper.  The  oover  thus  formed  continues  to  adhere  after  drying  with 
■ome  force. 
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3.  The  incineration  of  the  filters  must  be  complete ; 

4.  The  crucibles  must  not  be  attacked. 

The  following  two  methods  seem  to  me  the  simplest  and  most  ajipro- 
priate  of  all  that  have  as  yet  been  proposed.  The  selection  of  either 
depends  upon  certain  circumstances,  which  I  shall  immediately  have  occa> 
sion  to  point  out.  But  no  matter  which  method  is  resorted  to,  the  pre- 
cipitate must  always  be  thoroughly  dried,  before  it  can  properly  be  exposed 
to  a  red  heat.  The  application  of  a  red  heat  to  moist  precipitates,  more 
particularly  to  such  as  are  very  light  and  loose  in  the  diy  state  (silicic 
acid,  for  instance),  involves  always  a  risk  of  loss  from  the  impetuously 
escaping  aqueous  vapors  carrying  away  with  them  minute  particles  of  the 
substance.  Some  other  substances,  as  hydrate  of  alumina  or  hydrated 
sesquioxide  of  iron,  for  instance,  form  small  hard  lumps  ;  if  such  lumps 
are  ignited  while  still  moist  within  they  are  liable  to  fly  about  with  great 
violence.  The  best  method  of  drying  precipitates  as  a  preliminary  to 
ignition  is  as  described  in  §  50,  the  last  paragraph. 

Respecting  the  ignition,  the  degree  of  heat  to  be  applied  and  the  dura^ 
tion  of  the  process  must,  of  course,  depend  upon  the  nature  of  the  pre- 
cipitate and  upi)n  its  deportment  at  a  red  heat.  As  a  general  rule,  a 
moderate  red  heat,  applied  for  about  five  minutes,  is  found  sufticient  to 
eflfect  the  purpose ;  there  are,  however,  many  exceptions  to  this  rule 
which  will  be  indicated  wherever  they  occur. 

Whenever  the  choice  is  permitted  between  porcelain  and  platinum 
crucibles,  the  latter  are  always  preferred,  on  account  of  their  comparative 
lightness  and  infrangibility,  and  because  they  are  more  I'eadily  heated  to 
redness.  The  cinicible  selected  should  always  be  of  suflicient  capacity,  as 
the  use  of  crucibles  deficient  in  size  involves  the  lisk  of  loss  of  substance. 
The  proper  size,  in  most  cases,  is  4  cm.  in  height,  and  3*5  cm.  in  diameter. 
That  the  crucible  must  be  perfectly  clean,  both  inside  and  outside,  need 
hardly  be  mentioned.  The  analyst  should  acquire  the  habit  of  cleaning 
and  polishing  the  platinum  crucible  always  after  using  it.  This  should 
be  done  by  friction  with  moist  sea-sand  whose  grains  are  all  round  and 
do  not  scratch.  The  sand  is  rubbed  on  with  the  finger,  and  tJie  desired 
effect  is  produced  in  a  few  minutes.  The  adoption  of  this  habit  is 
attended  with  the  pleasure  of  always  working  with  a  bright  crucible  and 
the  profit  of  prolonging  its  existence.  This  mode  of  cleaning  is  all  the 
more  necessary,  when  one  ignites  over  gas-lamps,  since  at  this  high  tem- 
perature crucibles  soon  acquire  a  gray  coating,  which  arises  from  a  super- 
ficial loosening  of  the  platinum.  A  little  burnishing  with  sea-sand 
readily  removes  the  appearance  in  question,  without  causing  any  notable 
diminution  of  the  weight  of  the  crucible.  The  foregoing  remarks  on 
platinum  crucibles  refer  equally  to  those  of  iiddium-platinum — which, 
by-the-by,  are  now  much  used,  and  very  highly  to  be  recommended — 
only  the  restoration  of  the  polish  is  somewhat  more  diflScult  with  the 
latter,  on  account  of  the  greater  hardness  of  the  alloy.  If  there  are 
spots  on  the  platinum  or  iiidium-platinum  crucibles,  which  cannot  be 
removed  by  the  sand  without  wearing  away  too  much  of  the  metal,  a 
little  bisulphate  of  potassa  is  fused  in  the  crucible,  the  fluid  mass  shaken 
about  inside,  allowed  to  cool,  and  the  crucible  finally  boiled  with  water. 
There  are  two  ways  of  cleaning  crucibles  soiled  outside ;  either  the  cruci- 
ble is  placed  ui  a  larger  one,  and  the  interspace  filled  with  bisulphate  of 
potassa,  which  is  then  heated  to  fusion ;  or  the  crucible  is  placed  on  a 
platinum-wire  triangle,  heated  to  redness,  and  then  spiinkled  over  witb 
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powdered  bisulphate  of  potassa.     Instead  of  the  bisulphate  70U  may  usa 
borax.     Never  forget  at  last  to  polish  the  crucible  witih  sea-saad  again, 
n  When  the  crucible  is  clean,  it  is  placed  upon 

a  clean  platinum-wire  triangle  (fig.  40),  ig- 
nited, allowed  to  cool  in  tlie  desiccator,  and 
weighed.  This  operation,  though  not  iiidis* 
pensable,  is  still  always  advisable,  that  the 
weighing  of  the  empty  and  the  filled  crucibla 
may  be  performed  under  as  nearly  as  possible 
the  same  circumstances.  The  empty  cnicible 
may  of  course  be  weighed  after  the  ignition  of 
Fig.  40.  *he  precipitate ;  however,  it  is  preferable  in 

most  cases  to  weigh  it  before.  The  ignition  is 
eSbcted  with  a  Bsrzelius  spii'it-lamp  or  a  gas-lamp,  or  else  in  a  mufHe. 
In  i^iting  reducible  substances  over  lamps,  the  analyst  must  always  be 
on  his  guard  against  the  contact  of  unconsumed  hydrocarbons  even  in 
covered  crucibles.-  When  gas-lamps  ai-e  used  there  is  especial  need  of 
caution  in  this  respect.  Beduction  will  be  avoided  if  the  dame  is  made 
no  larger  than  necessary,  if  the  crucible  is  suppoi*ted  in  the  upper  part 
of  the  fiame,  and  if,  when  the  crucible  is  in  a  slanting  position,  it  ia 
heated  from  behind. 

We  pass  on  now  to  the  description  of  the  special  methods. 

§  52. 
First  Method.     {Ignition  of  tfhe  Precipitate  imtfi  the  Filter,) 

This  method  is  resorted  to  in  cases  where  there  is  no  danger  of  a  r^ 
duetion  of  ike  precipitate  by  the  action  of  the  carbon  of  the  filter.  Tho 
mode  of  proceeding  is  as  follows : — 

The  perfeactly  dry  filter,  with  the  precipitate,  is  removed  from  the  fun- 
nel, and  its  sides  are  gathered  together  at  the  top,  so  that  the  precipitate 
lies  enclosed  as  in  a  small  bag.  The  filter  is  now  put  into  the  crucible, 
which  is  then  covered  and  heated  over  a  spirit-lamp  with  double  draught, 
or  over  gas  veiy  gently,  to  effect  the  slow  charring  of  the  filter ;  the  cover 
is  now  removed,  the  crucible  placed  obliquely,  and  a  stronger  degree  of 
heat  applied,  until  complete  incineration  of  the  filter  is  effected ;  the  lid, 
which  had  in  the  meantime  best  be  kept  on  a  porcelain  plate,  or  in  a 
porcelain  crucible,  is  put  on  again,  and  a  red  heat  applied  for  some  fime 
longer,  if  needed ;  the  crucible  is  now  allowed  to  cool  a  little,  and  is 
then,  while  still  h(Jt,  though  no  longer  red  hot,*  taken  off  with  a  pair  of 
tongs  of  brass  or  polished  iron  {fig,  41),  and  put  in  the  desiccator,  where 
it  is  left  to  cool ;  it  is  finally  weighed. 

The  combustion  of  the  carbon  of  the  filter  maybe  promoted,  in  cases 
where  it  proceeds  too  slowly,  by  pushing  the  non-consumed  particles, 
with  a  smoth  and  rather  stout  platinum  wire,  within  the  focus  of  the 
strongest  action  of  the  heat  and  air.  And  the  operator  may  also  in- 
crease the  draught  of  air  by  leaning  the  lid  of  the  crucible  against  the 
latter  in  the  manner  illustrated  in  fig.  42. 

It  will  occasionally  happen  that  particles  of  the  carbon  of  the  filtet 

*  Taking  hold  of  a  red  hot  eracible  witb  brass  tongs  might  cause  the  f  onn*- 
tion  of  black  rings  round  it. 


lOKITIOK   OF  PBBCIPITATES. 


65 


obstinately  resist  incineration.  In  such  cases  the  operation  may  be  pro- 
moted by  putting  a  small  lump  of  fused,  dry  nitrate  of  ammonia  into 
the  crucible,  placing  on  the  lid  and  applying  a  gentle  heat  at  first^  which 
is  gradually  increased.  However,  as  this  way  of  proceeding  is  apt  to  in- 
volve some  loss  of  substance^  its  application  should  not  be  made  a  gene- 
ral rule. 


Fig.  41. 


Fig.  42. 


In  cases  where  the  bulk  of  the  precipitate  is  easily  detached  from  the 
filter,  the  preceding  method  is  occasionally  modified  in  this,  that  the 
precipitate  is  put  into  the  crucible,  and  the  filter,  with  the  still  adhe- 
ring particles,  folded  loosely  together,  and  laid  over  the  precipitate. 
In  other  respects,  the  operation  is  conducted  in  the  manner  above 
described. 


§  53. 
Seconi)  Method.     {Ignition  of  tlie  Precipitate  apart  from  the  Fitter,) 

This  method  is  resorted  to  in  cases  where  a  reduction  of  the  precipi- 
tate from  the  action  of  the  carbon  of  the  filter  is  apprehended ;  and  also 
where  the  ignited  precipitate  is  required  for  further  examination,  which 
the  presence  of  the  filter  ash  might  embarrass.  It  may  be  employed 
also,  instead  of  the  first  method,  in  all  cases  where  the  precipitate  is 
easily  detached  from  the  filter.  The  mode  of  proceeding  is  as  fol- 
lows : — 

The  crucible  intended  to  receive  the  precipitate  is  placed  upon  a  sheet 
of  glazed  paper ;  the  perfectly  dry  filter  with  the  precipitate  is  taken 
»ut  of  the  funnel,  and  gently  pressed  together  over  the  paper,  to  detach 
the  precipitate  from  the  filter ;  the  precipitate  is  now  shaken  into  the 
crucible,  and  the  particles  still  adhering  to  the  filter  are  removed  from 
it,  as  far  as  practicable,  by  further  pressing  or  gentle  rubbing  together 
of  the  folded  filter,  and  are  then  also  transferred  to  the  crucible.  The 
filter  is  now  spread  open  upon  the  sheet  of  glazed  paper,  and  then  folded 
in  form  of  a  little  square  box,  enclosed  on  all  sides  by  the  parts  turned  up ; 
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any  minute  particles  of  the  precipitate  that  may  have  dropped  on  tlio 
glazed  paper  are  brushed  into  this  little  box,  with  the  aid  of  a  small 
feather ;  the  box  is  closed  again,  rolled  up,  and  one  eno  of  a  long  plar- 
tinum  wire  si>irally  wound  round  it.  The  crucible  being  placed  on  or 
above  a  porcelain  plate,  the  little  roll  is  lighted,  and,  during  its  combus- 
tion, held  over  the  crucible,  so  that  the  falling  particles  of  the  precipi- 
tate or  filter  ash  may  drop  into  it,  or,  at  least,  into  the  porcelain  plate. 
In  this  way,  and  by  occasionally  holding  the  little  roll  again  in  or 
against  the  flame,  the  incineration  of  the  filter  is  readily  and  safely 
efiected.  When  the  operation  is  terminated,  a  slight  tap  will  suffice 
to  drop  the  ash  and  the  remaining  particles  of  the  precipitate  into 
the  crucible,  which  is  then  coverv^d,  and  the  ignition  completed  as 
in  §  52.  Where  it  is  intended  to  keep  the  ash  separate  from 
the  precipitate,  it  is  made  to  dro])  into  the  lid  of  the  crucible,  ui 
which  case  it  is  better  to  ignite  the  crucible  with  the  principal  portion 
of  the  precipitate  first.  This  method  of  incinerating  the  filter,  devised 
by  BuNSEN,  is  preferable  to  the  method  formerly  in  use,  in  which  the 
filter,  freed,  as  fai*  as  practicable,  from  the  precipitate,  was  burnt  either 
whole  or  cut  up  into  little  bits  on  the  lid  of  the  ci*ucible,  the  operation 
being  promoted  when  necessary  by  gently  pressing  the  still  unconsumed 
particles  with  a  platinum  wire,  or  platinum  spatula,  against  the  red-hot 
lid.  No  matter  which  method  of  incineration  is  resoi-ted  to,  the  ope- 
ration must  always  be  conducted  in  a  spot  entirely  protected  from 
draughts. 

Certain  precipitates  suffer  some  essential  modification  in  their  pro- 
perties, in  their  solubility,  for  instance,  from  ignition.  In  cases  where 
a  portion  of  a  substance  of  the  kind  is  required,  after  the  weighing,  for 
some  other  puq)ose  with  which  the  efiects  of  a  red  heat  would  interfere, 
the  two  operations  of  drying  and  igniting  may  be  combined  in  the  fol- 
lowing way  : — The  precipitate  is  collected  on  a  filter  dried  at  100° ;  it  is 
then  also  dried,  at  100°,  and  weighed  (§  50).  A  portion  of  the  dry  pre- 
cipitate is  put  into  a  tared  crucible,  and  its  exact  weight  ascertained  ; 
it  is  then  exposed  to  a  red  heat,  allowed  to  cool  in  the  usual  way,  and 
weighsd  again  ;  the  diminution  of  weight  which  it  has  undergone  is  cal- 
culated on  the  whole  amount  of  the  pi'ecipitate. 

§  53,  a. 
Bunsen's  Method  op  Rapid  Filtration.* 

A  precipitate  is  washed  either  by  filtration  or  by  decantation :  in 
the  former  case  the  portion  of  liquid  not  mechanically  i-etained  is  al 
lowed  to  drain  from  the  precipitate ;  in  the  latter  it  is  separated  by 
simply  pouring  it  away,  the  foreign  substances  contained  in  the  preci- 
pitate being  then  removed  by  the  repeated  addition  of  some  washing- 
fluid,  in  each  successive  portion  of  which  the  precipitate  is,  as  &r  as 
possible,  uniformly  suspended,  this  process  being  continued  imtil  the 
amount  of  impurity  becomes  so  minute  that  its  presence  may  be  entirely 
di8regai*ded. 

Supposing  V  to  represent  the  volume  of  the  moist  precipitate  remain- 
ing at  the  bottom  of  the  vessel  after  the  decantation,  or  upon  the  filtrate 
after  filtration,  V  the  volume  of  wash-water  employed  at  each  succei»- 

*  Ann.  der  Chem.  ond  Pfaana. ,  vol  'slviii  p.  209 ;  Am.  Joar.  SoL ,  xML  |^  82U 
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sive  decantation,  n  the  number  of  decantations,  and  .  the  fraction  ok 

a 

pressing  the  proportion  of  the  original  amount  of  impurity  still  remain* 
ing  in  the  precipitate  after  n  decantations,  then 


V     \^       I 


\v+y) 


a 


(1) 


Calling  W  the  total  volume  of  wash-water  resulting  from  n  decantations, 
then 

nV=W; (2) 

therefore 


(1  +^)^=a, 

\         nv/ 


or  W=nv(\/^—l) (3) 

If  we  differentiate  W  with  respect  to  n  and  make  the  differential 
quotient  equal  to  0,  then  the  minimum  value  of  W  becomes,  when 
»  =  00, 

W=t7  nat.  log.  a. (4) 

Precipitates  obtained  in  the  course  of  chemical  analysis  may  in  all 
cases  be  assumed  to  be  sufficiently  washed  when  the  impurity  retained 
bj  them  amounts  to  no  more  than  the  To^^fjnf  V^^'  Making  therefore 
a  =  100000  and  v  =  1,  it  results  from  equation  (4)  that  the  least 
quantity  of  fluid  required  in  order  to  remove  the  impurity  contained  in 
a  precipitate  to  the  i^Q^t^f^  part  amounts  to  eleven  and  a  half  times 
the  volume  occupied  by  the  precipitate  itself  in  the  liquid  in  which  it 
exists.  It  is  evident,  therefore,  that  the  amount  of  water  actually  ne- 
cessary to  wash  a  precipitate  the  more  nearly  approaches  this  minimum 
the  oflener  we  decant,  and  the  smaller  the  quantity  of  washing-water 
we  employ  at  each  decantation. 

Since  some  of  the  principal  sources  of  error  in  analytical  work  con- 
sist in  the  incomplete  or  in  the  too  protracted  washing  of  precipitates,  it 
becomes  important  to  know  how  to  ascertain  the  progress  of  the  washing 
throughout  the  several  stages  of  the  process. .  By  employing  the  same 
volume  of  water  at  each  successive  addition,  and  estimating  its  relation 
to  that  of  the  precipitate  remaining  at  the  bottom  of  the  vessel  or  upon 
the  filter,  we  can  find  from  the  Table  on  the  following  x>age,  calculated 
by  means  of  the  formula  above  given,  the  number  of  times  it  is  neces- 
sary to  decant  in  order  to  diminish  the  amount  of  impurity  in  the  pre- 
cipitate to  the  too^ooo  rdi^y  TTrkir  ^^  jirbTr  pa^t.  Column  I.  shows 
the  relation  between  the  volume  of  the  precipitate  and  the  washing- 
water  employed  for  each  successive  decantation,  column  II.  the  num- 
ber of  decantations  required  to  diminish  the  amount  of  impurity  to  the 
necessary  extent,  and  column  III.  the  total  volume  of  water  obtained 
from  the  seveitd  decantations. 

When  the  washing-process  is  performed  in  a  beaker,  the  relation  be- 
tween the  volume  of  the  precipitate  and  that  of  the  liquid  maybe  easily 
determined  by  holding  a  strip  of  paper  along  the  side  of  the  vessel  and 
marking  upon  it  the  respective  heights  of  the  precipita4»  and  supernatant 
liquid ;  then  on  folding  the  portion  of  paper  lying  between  the  two  madka 
ki  such  fi  manner  tiiat  each  fold  corresponds  to  the  hei^t  occupied  by 
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the  precipitate,  the  nomber  of  folds  will  give  the  argament  in  colamn  I. 
to  find  in  column  II.  the  number  of  decantations  needed  to  wash  to  the 
required  extent.  If  the  washing  be  conducted  as  in  the  ordinary  method 
of  filtration,  fumiels  possessing  an  angle  of  60°  must  be  invambly  em- 
ployed, and  the  capacities  of  the  various-sized  filters  once  for  all  deter- 
mined by  means  of  a  burette.  After  the  precipitate  has  been  brought 
upon  the  filter  and  allowed  to  drain,  it  is  mixed  as  thoroughly  as  possi- 
ble with  water  from  a  graduated  washing-flask.  Call  the  amount  of 
water  thus  necessary  to  fill  the  filter  0,  and  the  capacity  of  the  empty 

to  find  in  column  II.  the  number  of  times  it  is  necessary  to  refill  the  filter 
in  order  to  wash  the  precipitate  to  the  desired  extent. 
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16-6 
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1 
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14-8 

14-3 

1 

13-3 

18-3 

2 

10  5 

210 

2 

9-8 

19-7 

2 

9  0 

180 

2 

8-4 

16-8 

8 

8-8 

24-9 

8 

7-8 

23-4 

3 

7-1 

21-4 

8 

6-6 

19-9 

4 

71 

28-6 

4 

6-7 

26-9 

4 

61 

24-6 

4 

5-7 

22^ 

5 

6-4 

32  1 

5 

6-0 

30  2 

5 

5-5 

27-6 

5 

5  1 

25-7 

0 

5-9 

85-6 

6 

5-6 

33-4 

6 

5  1 

30-5 

6 

4-7 

28-4 

7 

5-5 

88-8 

7 

5-2 

36-4 

7 

4-8 

83  3 

7 

4-4 

31-0 

8 

5-2 

42-0 

8 

40 

39  4 

8 

4-5 

86  1 

8 

4-2 

33-5 

9 

50 

45  0 

9 

4-7 

423 

9 

4  8 

88-7 

9 

4  0 

36-0 

10 

4-8 

480 

10 

4-5 

45  1 

10 

41 

41-3 

10 

3  8 

38-4 

11 

4-6 

51-0 

11 

4-4 

47-9 

11 

40 

43-8 

11 

3-7 

40-8 

12 

4-5 

53-9 

12 

4-2 

50-6 

12 

3  9 

463 

12 

3-6 

43-1 

18 

4-4 

56-4 

18 

4-1 

538 

18 

8-8 

48-8 

18 

8-5 

45-4 

14 

4-2 

59-4 

14 

4  0 

55-8 

14 

8-7 

51  1 

14 

3-4 

47-6 

15 

4-2 

62-3 

15 

3  9 

58-5 

15 

8-6 

53  6 

15 

8-8 

49-8 

16 

41 

65  0 

16 

8-8 

61  1 

16 

3-5 

56-0 

16 

8-3 

53-0 

17 

4  0 

67-8 

17 

87 

63-6 

17 

3-4 

58-3 

17 

8-2 

54-2 

18 

3-9 

70-4 

18 

3-7 

66  1 

18 

3-4 

60-5 

18 

3-1 

56-3 

19 

3-8 

74*3 

19 

8-6 

68-6 

19 

3-8 

62-8 

19 

31 

58-4 

I  by  fiu*  prefer  using  this  Table  to  employing  the  method  generally  fol- 
lowed of  ascertaining  the  completion  of  the  washing-process  by  evapora- 
ting a  quantity  of  the  filtrate  on  platinum-foil,  since  in  the  latter  case  it 
is  only  possible  to  obtain  an  in&iliible  proof  when  we  have  to  deal  with 
a  precipitate  possessing  an  extremely  high  degree  of  insolubility ;  if  the 
precipitate  be  soluble  to  any  marked  extent,  the  result  is  completely 
illusory. 

In  the  process  of  filtration  as  hitherto  conducted,  the  time  required 
is  so  long  and  the  quantity  of  wash-water  needed  so  great  that  some 
simplification  of  this  continually  recurring  operation  is  in  the  highest  de- 
gree desirable.  The  following  method,  which  depends  not  upon  the  remo- 
val, of  the  impuiity  by  simple  attenuation,  but  upon  its  displacement  by 
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forcing  the  ^rash-water  through  the  precipitate,  appears  to  me  to  combine 
all  the  requisite  conditions  and  therefore  to  satisfy  the  need. 

The  rapidity  with  which  a  liquid  filters  depends,  ceeteris  pariJmSy  upon 
the  difference  which  exists  between  the  pressure  upon  its  upper  and  lower 
surfJBkces.  Supposing  the  filter  to  consist  of  a  solid  substance,  the 
pores  of  which  suffer  no  alteration  by  pressure  or  by  any  other  influence, 
then  the  volume  of  liquid  filtered  in  the  unit  of  time  is  nearly  propor- 
tional to  the  difference  in  pressure :  this  is  cloarly  shown  by  the  following 
experiments,  made  with  pure  water  and  a  filter  consisting  of  a  thin 
plate  of  artificial  pumice-stone.  The  thin  plate  of  pumice  was  hermeti- 
cally fisMtened  into  a  funnel  consisting  of  a  graduated  cylindrical  glass 
vessel,  the  lower  end  of  which  was.  connected  with  a  large  thick  flask 
by  means  of  a  tightly  fitting  caoutchouc  cork.  The  pressure  in  the  flask 
was  then  reduced  by  rarefying  the  air  by  means  of  a  method  to  be 
described  upon  another  occasion ;  and  for  each  difference  of  pressure  />, 
measured  by  a  mercury  column,  the  number  of  seconds  t  was  observed 
which  a  given  quantity  of  water  occupied  in  passing  through  the  filter. 
The  following  are  the  results : — 

I. 


p. 

t. 

Pt. 

metre. 

It 

0-179 

91-7 

16-4 

0-190 

81-0 

15-4 

0-282 

52-9 

14-9 

0-472 

33-0 

16-6 

In  the  ordinary  process  of  filtration,  p  on  the  average  amounts  to  no 
more  than  0*004  to  0-008-  metre.  The  advantage  gained,  therefore,  is 
easily  perceived  when  we  can  succeed  by  some  simple,  practicable,  and 
easily  attainable  method  in  multiplying  this  difference  in  pressure  one  or 
two  hundred  times,  or,  say,  to  an  entire  atmosphere,  without  running  any 
risk  of  breaking  the  filter.  The  solution  of  this  problem  is  very  easy : 
an  ordinary  glass  funnel  has  only  to  be  so  arranged  that  the  filter  can 
be  completely  adjusted  to  ite  side  even  to  the  very  apex  of  the  cone. 
For  this  purpose  a  glass  funnel  is  chosen  possessing  an  angle  of  60°, 
or  as  nearly  60°  as  possible,  the  walls  of  which  must  be  completely 
free  firom  inequalities  of  every  description ;  and  into  it  is  placed  a  second 
funnel  made  of  exceedingly  thin  platinum-foU,  and  the  sides  of  which 
possess  exactly  the  same  inclination  as  those  of  the  glass  funnel.  An 
ordinary  paper  filter  is  then  introduced  into  this  compound  funnel  in  the 
usual  manner ;  when  carefully  moistened  and  so  adjusted  that  no  air- 
bubbles  are  visible  between  it  and  the  glass,  this  filter,  when  filled  with 
a  liquid,  will  support  the  pressure  of  an  extra  atmosphere  without  ever 
breaking. 

The  platinum  funnel  is  easily  made  from  thin  platinum-foil  in  the 
following  maimer : — In  the  care^Uy  chosen  glass  funnel  is  placed  Bk  per- 
fectly accfwratdy  fitting  filter  made  of  writing-paper ;  this  is  kept  in 
position  by  dropping  a  little  melted  sealing-wax  between  its  upper  edge 
and  the  glass ;  the  paper  is  next  saturated  with  oil  and  filled  with  liquid 
plaster  of  Paris,  and  before  the  mixture  solidifies  a  small  wooden  handle 
is  placed  in  the  centre.  After  an  hour  or  so  the  plaster  cone  with  the 
adhering  paper  filter  can  be  withdrawn  by  means  of  the  handle  from  the 


ftumel,  to  irhich  it  acoarately  oorrenpotids.  The  pqwr  au  the  ontBida 
of  the  oone  is  again  covered  'with  oil,  and  the  "whole  carefblly  iiwerteil 
into  liqiiid  plaster  of  Fade  oontaioed  in  a.  Bmall  cnidble  4  or  S  oentimH. 
in  height.  After  the  mixture  has  solidified,  the  oone  may  be  easily  with- 
drawn ;  the  adhering  paper  filter  ia  then  detached,  and  any  email  {ueoec 
of  paper  still  remainiag  removed  by  gently  rubbing  with  the  finger.  lu 
this  manner  a  solid  cone  ia  obtained  accurately  fitting  into  a  hollow  ctMn^ 
and  of  vbidi  the  apgle  of  inclination  perieoUy  oorreapoiida  with  tiiKt  ol 
tbe  glaafunuel. 


Fig.  43,  l,repreBentBthe  conee.  By  thoirhelpthe  email  platinum  fbo- 
nel  is  mode.  A  piece  of  platinum  (shown  three-fourths 
of  the  natural  size  in  fig.  44)*  is  cut  from  foil  of  such  a 
thickness  that  one  square  centimetre  weighs  about  (r  154 
gnu.,  and  from  the  centre  a  a  rertical  incision  is  made 
by  the  scissors  to  the  edge  e  b  d.  The  small  piece  of 
foil  is  next  rendered  pliable  by  being  heated  to  redneen, 
tig.  44.  and  is  placed  upon  the  solid  cone  in  encfa  a  manner 

*  The  diameter  of  a  in  tiie  original  drawing  is  9-5 
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that  its  ceiitre  a  touches  the  apex  of  the  latter ;  the  sides  a  h  d  are 
then  cloaelj  pressed  upon  the  plaster,  and  the  remaining  portion  of 
the  platinum  wrapped  as  equally  and  as  closely  as  possible  around  the 
cone.  On  again  heating  the  foil  to  redness,  pressing  it  once  more 
upon  the  cone,  and  inserting  the  whole  into  the  hollow  cone,  and 
turning  it  round  once  or  twice  under  a  gentle  pressure,  the  proper 
shape  is  completed.  The  platinum  funnel,  which  should  not  allow  of 
the  transmission  of  light  through  its  extreme  point,  even  now  possesses 
such  stability  that  it  may  be  immediately  employed  for  any  purpose.  If 
desired,  it  may  be  made  still  stronger  by  soldering  down  the  overlap- 
ping portion  in  one  spot  only  to  the  upper  edge  of  the  foil  by  means  of 
a  grain  or  two  of  gold  and  borax ;  in  general,  however,  this  precaution 
is  unnecessary.  If  the  shape  has  in  any  degree  altered  during  this  latter 
process,  it  is  simply  necessary  to  drop  the  phitinum  funnel  into  the  hol- 
low cone  and  then  to  insert  the  solid  cone,  when  by  one  or  two  turns 
of  the  latter  the  proper  form  may  be  immediately  restored.  The  plati- 
num funnel  is  placed  in  the  bottom  of  the  glass  funnel,  the  dry  paper 
filter  then  introduced  in  the  ordinary  manner,  moistened,  and  freed 
from  all  adhering  air-bubbles  by  pressure  with  the  finger.  A  filter  so 
arranged  and  in  perfect  contact  with  the  glass,  when  filled  with  a  liquid 
will  support  the  pressure  of  an  entire  atmosphere  without  the  least  dan- 
ger of  breaking;  and  the  interspace  between  the  folds  of  the  platinum- 
foil  is  perfectly  sufficient  to  allow  of  the  passage  of  a  continuous  stream 
of  water. 

In  order  to  be  able  to  produce  the  additional  pressure  of  an  atmo* 
sphere,  the  filtered  liquid  is  received  in  a  strong  glass  flask  instead  of 
In  beakers.*  This  flask  is  closed  by  means  of  a  doubly  perforated 
caoutchouc  cork,  through  one  of  the  holes  of  which  the  neck  of  the  glass 
liinnel  is  passed  to  a  depth  oi  ^roni  b  to  ^  centimetres  (fig.  43,  k)\ 
through  the  other  is  fitted  a  narrow  tube  open  at  both  ends,  the  lower 
end  of  which  is  brou^t  exadly  to  the  level  of  the  hwer  mirface  of  ths 
eorkf  to  the  other  is  adapted  the  caoutchouc  tube  connected  with  the 
apparatus  destined  to  produce  the  requisite  difference  in  pressure :  this 
apparatus  will  be  described  immediately.  The  flasks  are  placed  in  a 
metallic  or  porceUdn  voasel,  in  the  conical  contraction  of  which  several 
strips  of  cloth  are  fastened.  This  method  of  supporting  the  flask  has 
the  advantage  that,  in  one  and  the  same  vessel,  flasks  vaiying  in  size  from 
0'5  to  2*5  litres  stand  equally  well,  and  that  by  simply  laying  a  cloth  over 
the  mouth  of  the  vessel,  the  consequences  of  an  explosion  (which  through 
inexperience  or  carelessness  is  possible)  are  rendered  harmless. 

It  is  impossible  to  employ  any  of  the  air-pumps  at  present  in  use  to  create 
ike  di£ferenee  in  pressure,  since  the  filtrate  not  unfrequently  contaLas  chlo- 
rine,  sulphurous  acid,  hydric  sulphide,  and  other  substances  which  would 
act  mjuriously  upon  the  metallic  portions  of  these  instruments.  I  there- 
fore employ  a  waler  air-pump  constructed  on  the  principle  of  Sprenoel^s 
mercury-pomp,  and  which  appears  to  me  preferable  to  all  other  forms  of 
■ir-pump  for  chemical  purposes,  since  it  effects  a  rarefaction  to  within  6 
•r  12  millimetres  pressure  of  mercury. 

fig.  43  shows  &e  arrangement  of  this  pump.  On  opening  the  pinch- 
eock  a,  water  flows  from  the  tube  /  into  the  enlarged  glabs  vessel  5,  and 


*  These  flasks  mnst  be  somewhat  thicker  than  those  ordinarily  used,  in  ordei 
to  prevent  the  iKMsibHlty  of  their  giyixig  way  under  the  atmospheric  presBcize. 
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tbenoe  down  the  leadon  pipe  c.  This  pipe  has  a  diameter  of  abont  8 
millims.,  aud  extends  downward  to  a  depth  of  30  or  40  feet,  and  ends  in 
a  sewer  or  other  arrangement  serving  to  convey  the  water  away.  The 
lower  end  of  the  tube  d  possesses  a  narrow  opening ;  it  is  hermetically 
sealed  into  the  wider  tube  h,  and  reaches  nearly  to  the  bottom  of  the 
latter.  A  manometer  is  attached  to  the  upper  continuation  of  this  tube 
d  by  means  of  a  side  tube  at  d* ;  a,t  <P  is  attached  a  strong  thick 
caoutchouc  tube  possessing  an  internal  diameter  of  5  millims.  and  an 
external  diameter  of  12  millims. ;  this  leads  to  the  flask  which  is  to  be 
rendered  vacuous,  and  is  connected  with  it  by  means  of  the  short  nar- 
rowed tube  L  Between  the  air-pump  and  the  flask  is  placed  the  small 
thick  glass  vessel  f,  in  which,  when  one  washes  with  hot  water,  the 
steam  which  may  be  earned  over  is  condensed.  All  the  caoutchouc 
joinings  are  made  with  veiy  thick  tubing,  the  internal  diameter  of 
which  amounts  to  about  5  millims.,  the  external  diameter  to  about  17 
millims.  The  entire  arrangement  is  screwed  down  upon  a  board  fastened 
to  the  wall,  in  such  a  manner  that  each  separa^  piece  of  the  apparatus 
is  held  by  a  single  fastening  only,  in  order  to  prevent  the  tubes  being 
strained  and  bi*oken  by  the  possible  warping  of  the  board.  On  releasing 
the  pinchcock  a,  water  flows  fiom  the  conduit  I  down  the  tube  c  to  a 
deptii  of  more  than  30  feet,  cai-rying  with  it  the  air  which  it  sucks 
through  the  small  opening  of  the  tube  d  in  the  form  of  a  continuous 
stream  of  bubbles.  No  advantage  is  gained  by  increasing  the  rapidity 
of  the  flow,  since  the  friction  exerted  by  the  water  upon  the  sides  of  the 
leaden  pipe  acts  directly  as  a  counter-pressure,  and  a  comparatively 
small  increase  in  the  rapidity  of  the  flow  is  accompanied  by  a  great  in- 
crease in  the  amount  of  this  friction.  Accordingly  at  i/  is  a  second 
pinchcock,  by  which  the  stream  can  be  once  for  all  so  regulated  that,  on 
completely  opening  the  cock  a,  the  friction,  on  account  of  the  dimin- 
ished rate  of  flow,  is  rendered  sufliciently  small  to  allow  of  the  maxi- 
mum degree  of  rarefaction.  Such  an  apparatus,  when  properly  i^^i- 
lated  once  for  all  by  means  of  the  cock  g,  exhausts  in  a  comparatively 
short  time  the  largest  vessels  to  within  a  pressure  of  mercury  equal  to 
the  tension  of  aqueous  vapor  at  the  temperature  possessed  by  the 
stream.*  The  tension  exerted  by  the  water-stream  in  my  laboratory,  in 
which  six  of  these  pumps  are  used,  amounts  to  about  7  millims.  in  win- 
ter and  10  millims.  in  summer.  The  filtration  is  made  in  the  following 
manner :  The  flask  standing  in  the  metallic  or  porcelain  vessel  is  con- 
nected by  means  of  the  slightly  drawn-out  tube  k  with  the  caoutchouc 
tube  k  attached  to  the  pump,  the  cock  a  having  been  previously  opened 
and  the  pix)perly  fitted  moistened  filter  filled  with  the  liquid  to  be  fil- 
tered. As  usual,  the  clear  supernatant  fluid  is  fii*st  poui'ed  upon  the 
filter;  in  a  moment  or  two  the  filti-ate  runs  through  in  a  continuous 
stream,  often  so  rapidly  that  one  must  hasten  to  keep  up  the  supply  of 
liquid,  since  it  is  advisable  to  maintain  the  filter  as  full  as  possible. 
After  the  precipitate  has  been  entirely  transfeiTed,  the  filtrate  passes 
through  drop  by  drop,  and  the  manometer  not  iinfi^equently  now  shows 
a  pi-essure  of  an  extra  atmosphera.  The  filter  may  be  filled  (in  fact 
this  is  to  be  recommended)  with  the  precipitate  to  within  a  millimetre 

*  The  time  required  to  obtain  the  above  degree  of  exhaustion  in  a  flask  of 
from  1  to  8  litres  capacity  ranges  from  six  to  ten  minutes  ;  the  quantity  of  wateii 
neoesBary  araoonts  to  about  H)  or  50  litres. 
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of  its  edge,  since  the  pi*ecipitate,  in  consequence  of  the  high  jiredsi  iv  tc 
which  it  is  subjected,  becomes  squeezed  into  a  thin  layer  broken  up  by 
innumerable  fissui-es.  As  soon  as  the  liquid  has  passed  through  and  the 
first  traces  of  this  breaking  up  become  evident,  the  pi*ecipitate  will  >><j 
found  to  have  been  so  firmly  pressed  upon  the  paper,  that  on  cautiously 
pouring  water  over  it  it  remains  completely  undisturbed.  The  washing 
is  efiected  by  cai-efully  pouring  water  down  the  side  of  the  funnel  to 
within  a  centimetre  above  the  rim  of  the  filter:  the  washing  flabk  for 
this  purpose  is  not  applicable  ;  the  water  must  be  poured  from  an  open 
vessel.  After  the  filter  has  in  this  manner  be<^n  replenished  four  times 
with  water  and  allowed  to  drain  for  a  few  minutes,  it  will  be  found  to 
be  already  so  far  dried,  in  consequence  of  the  high  pressure  to  which  it 
has  been  subjected,  that  without  any  further  desiccation  it  may  be  with- 
drawn, together  with  the  precipitate,  from  the  funnel,  and  immediately 
ignited,  with  the  precautions  to  be  presently  given,  in  the  crucible. 

If  the  porosity  of  a  paper  filter  containing  a  precipitate  were  as  un- 
alterable as  that  of  a  pumice-stone  filter,  the  experiments  above  de- 
scribed would  show  that  the  times  required  for  filtration,  according  to 
the  old  method  on  the  one  hand,  and  the  new  one  on  the  other,  would 
be  inversely  proportional  to  the  difference  in  pressure  in  each  case  ;  that 
is,  by  using  the  pump  under  the  full  pressure  of  about  740  millims.,  the 
time  needed  to  wash  a  precipitate,  occupying  by  the  old  process  an 
hour,  would  at  the  utmost  not  amount  to  more  than  30  seconds. 
In  using  such  pumice  filters*  to  drain  ci-ystals  from  adhering  mother 
liquors,  or,  say,  to  wash  crystals  of  chromic  acid  by  means  of  concentra- 
ted sulphuric  acid  and  fuming  nitric  acid,  the  time  occupied  in  the  filtra- 
tion is  scarcely  longer  than  that  needed  to  pour  a  liquid  slowly  from  one 
vessel  to  another.  In  filtering  by  means  of  paper,  the  precipitate  gra- 
dually closes  up  the  pores  of  the  filter,  and  accordingly  such  an  extra- 
ordinary acceleration  as  this  can  no  longer  be  expected.  But  the  fol- 
lowing examples  will  show  the  saving  of  time  and  labor  the  method 
effects,  even  under  all  unfavorable  conditions.  For  these  experiments 
1  have  purposely  chosen  the  hyd rated  chromium  sesquioxide,  since 
it  is  one  of  the  most  difiicult  of  precipitates  to  wa^  thoroughly. 
A  solution  of  chromium  chloride  was  prepared  by  acting  with  fuming 
hydrochloric  acid  upon  potassium  dichromate  ;  and  by  means  of  a  mea- 
suring-vessel, which  allowed  the  amount  of  chromium  to  be  estimated  to 
within  O'OOO  1  grm.,  successive  portions  of  the  liquid  were  withdrawn, 
and  the  chromium  oxide  contained  in  them  precipitated  with  the  usual 
precautions  by  ammonia.  The  volume  of  liquid,  the  quantity  of  am- 
monia employed,  the  time  occupied  in  boiling  and  in  permitting  the  pre- 
cipitate to  settle,  the  an  He  of  inclination  possessed  by  the  funnel,  and 
the  size  of  the  filter  were  the  same  in  all  the  experiments.  All  the  pre- 
cipitates were  washed  with  hot  water,  and,  after  burning  the  filter,  igni- 
ted over  a  blast-lamp  for  a  few  minutes ;  in  weighing,  the  platinum 
crucible  was  tared  by  one  of  about  equal  weight,  and  the  position  of 
equilibrium  of  the  beam  determined  by  vibrations. 

I  first  attempted    to  filter  one   of   the  precipitates  in  the   ordi- 

nvy  way.     Jl  amounted  to  2 ;  and  consequently,  from  the  table,  8*4 


*  Am.  Jour.  Sci.,  xlvil  p.  886. 
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freah  additions  of  water  were  i*equired  in  order  to  wanh  tbe  procipitatA 
to  tlie  ryJ^Q-  i>art.     The  times  required  were  as  follows : — 

In  transferring  the  precipitate  from  the  beaker  )  40' 

and  allowing  it  to  drain ] 

i  For  the  first  addition  of  water  to  run  thi-ough,  48  * 

J  «      second  «  "  70 

«      third  «  «  80 

Total  length  of  time 238 

At  this  point  the  experiment  was  discontinued,  as  the  filtrate  becamt 
turbid.     A  second  experiment  failed  from  the  same  cause. 

Accordingly  I  attempted  to  wash  the  precipitate  by  decantation. 
The  volume  of  the  precipitate  amounted  to  about  30  cub.  oentims. ; 
the  quantity  of  water  required  to  fill  the  beaker  was  seven  tLmes  the 

V 
volume  of  the  precipitate ;  hence  —  was  7,  and  the  requisite  number 

V 

of  decantations  to  reduce  the  amount  of  impurity  to  the  ^^^^  part  was 
5*2.     The  times  observed  were  as  follows : — 

II. 

For  the  first  decantation  to  run  through  the  filter. ...  15' 

«       second  "         «  "  12 

i  "       third  «         "  «  18 

«       fourth  ".       «  «  15 

"       fifth  «         «  «  18 

[  In  transferring  the  precipitate  to  the  filter 30 

^  Time  required  in  washing 108 

Weight  of  the  precipitate 0*2458  grm. 

Voliime  of  wash-water  »  V 1050  cub.  centims. 

III. 

Experiment  repeated.     Number  of  decantations  7.     Other  circom* 
stances  the  same  as  in  the  foregoing  determination. 

Time  required  in  washing 140' 

Weight  of  the  precipitate 0*2452  grm. 

Volume  of  wash-water 1200  cuh.  oentims. 

I  IV. 

After  ten  decantations. 

Time  required  in  washing. 180' 

Weight  of  the  precipitate 0-2443  grm. 

Volume  of  wash-water 1750  cub.  centims. 

By  filtration  with  the  platinum  cone  and  the  pump  the  following 
results  were  obtained : — 

V. 

In  transferring  the  precipitate  to  the  filter  (17  cub.  cenlims.  )    g,p 
water) J 
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For  the  first  addition  of  water  (25  oub.  cent.)  to  run  through,  2' 

"        second  «  **  "  3 

«        third  «  «  «  2 

«        fourth  «  «  «  2 

«        fifth  «  cc  «  a  « 

In  draining  the  precipitate .\ 2  ( 

Time  required 19 

Weight  of  precipitate 0'2435  grm. 

Yolume  of  wash-water 142  cub.  centinuu 

Pressure  of  manometer 0*576  metre. 

VI. 

In  transferring  the  precipitate  and  allowing  the  water  (18  cub.  cen- )  g 

tims.)  to  ran  through J 

For  the  first  addition  of  water  (25  cub.  cent.)  to  run  through 4 

"       second  "  "  "  *<       5 

«       third  «  «  «  "       5 

«       fourth  «  «  «  "       5 

In  draining  the  precipitate • 1 

Time  required 28 

Weight  of  precipitate 0'2434  grm. 

Yolume  of  wash-water 118  cub.  centime 

Pressure 0'600  metre. 

VII. 

In  transferring  the  precipitate  and  allowing  the  water  (20  oub. )  ^/ 

centims.)  to  run  through ) 

For  the  first  addition  of  water  (25  cub.  cent.)  to  run  through 3 

"       second  "  «  "  "       3 

«       third  «  "  **  "       3 

In  draining  the  precipitate 3 

Time  required , 16 

Weight  of  precipitate I 0-2432  grm. 

Volume  of  wash-water 95  cub.  centims. 

Pressure 0*584  metre. 

VIIL 

In  transferring  with  25  cub.  centims.  of  water t$ 

For  the  first  SMldition  of  25  cub.  centims.  to  run  through 5 

For  the  second  addition  of  25  cub.  centims.  to  run  through 5 

In  draining  the  precipitate « 8 

Time  required 21 

Weight  of  precipitate 0*2435  grm. 

Volume  of  wash-water 72  cub.  centinuu 

PresmiTi^ 0-593  metre. 
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IX. 

In  tiJLDKf erring  with  15  cub.  centims.  of  water  and  allowing  it  to  )  « 

run  through J 

For  a  single  addition  to  run  through 3 

In  draining  the  precipitate 2 

Time  required 12 

Weight  of  precipitate 0*2439  grm. 

Tolume  of  wash-water 41  cub.  centims. 

Pressure 0*572  metre. 

X. 

In  transferring  the  precipitate  with  13  cub.  centims.  of  water 5 

For  a  single  addition  of  water  (26  cub.  cent.)  to  run  through 8 

In  draining  the  precipitate 1 

Time   required 14 

Weight  of  precipitate 0*2439  grm. 

Volume  of  wash-water 39  cub.  centims. 

Pressure 0*530  metre. 

In  washing,  by  means  of  decantation,  in  the  ordinary  manner,  the 
amoxmts  of  chromium  sesquio'xide  found  were  as  follows : — 

grm. 
II.  0*24^8,  after  5  decantatioDS,  washed  to  the  i>aKa  part.   ' 
III.  0-2452      ««     7  «  «  ,Tn^^  part. 

ly.  0-2443      «  10  «  .      «  ,j^^,^,^^^^^  part. 

0*2451  mean. 
By  the  use  of  the  pump : — 

grm. 
V.  0*2435,  after  5  additions  of  water. 

VI.  0*2434  "  4         "  « 

VII.  0*2432  «  3        «  « 

VIII.  0*2435  "  2         «  « 

IX.  0-2439  «  1  addition  of  water. 

X.  0*2439  «  1         «  « 


0*2436  mean. 

Hence  the  probable  amount  of  chromium  sesquioxide  contained  in  the 
solution,  according  to  the  experiments  with  the  pump,  was  0*2436  grm. : 
according  to  the  old  method  of  decantation  it  was  somewhat  higher, 
namely  0*2451  grm.  This  excess  of  1*5  milligramme  shows  that  the  adhe- 
sion of  the  soluble  matters  to  the  precipitate  and  to  the  filter  is,  in 
consequence  of  the  greater  pressure,  more  easily  overcome  in  the  new 
method  than  in  the  customary  process ;  it  follows,  therefore,  that  we  can 
obtain  a  more  complete  washing  by  the  new  method  than  by  the  old. 
The  old  process  of  decantation  required  108  minutes  and  1050  cub.  cen- 
tims. of  water  to  effect  a  washing  to  the  5^^^^  part ;  the  new,  on  the 
contrary,  only  12  to  14  minutes,  and  not  more  than  39  to  41  cub.  ctsn* 
timjs.  of  wash-water. 
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§   53,  b. 

BcNSBK^s  Method  of  Drying  and  Iokitino  Precipitates. 

If  a  precipitate  be  heated  in  a  platinuin  crucible  immediately  aftei 
filtration  by  the  older  process,  a  portioD  will  ineYitably  be  projected  oui 
of  the  crucible.  Hitherto,  therefore,  it  has  been  necessary  to  dry  the  filtei 
and  precipitate  before  ignition.  Now  to  dry  a  quantity  of  hydrated 
chromium  sesquioxide  containing  0*2436  grm.  Cr*0'  in  a  water-bath  at 
100°  C.  requires  at  least  five  hours ;  and,  moreover,  bringing  the  dried 
precipitate  into  the  crucible,  burning  the  filter,  and  gradually  igniting 
the  mass  is  in  the  highest  degree  tedious  and  troublesome.  All  this  ex- 
penditure of  time  and  labor  may  be  saved  by  employing  the  new  method. 
Bj  its  means  a  precipitate  is  as  completely  dried  upon  the  filter  in  from  1 
to  5  minutes  as  if  it  had  been  exposed  from  5  to  8  hours  in  a  drying-cham- 
ber ;  and  it  can  immediately,  filter  and  all,  be  thrown  into  a  platinum  or 
porcelain  crucible  and  ignited  without  the  slightest  fear  of  its  spurting. 
By  operating  in  the  following  manner  the  filter  burns  quietly  without 
flame  or  smoke  ;  this  phenomenon,  although  remarkable,  easily  admits  of 
an  explanation.  The  portion  of  filter-paper  free  from  precipitate  is 
tightly  wrapped  round  the  remainder  of  the  filter  in  such  a  manner  that 
the  precipitate  is  enveloped  in  from  four  to  six  folds  of  clean  paper. 
The  whole  is  then  dropped  into  the  platinum  or  porcelain  crucible  l3dng 
obliquely  upon  a  triangle  over  the  lamp,  and  pushed  down  against  its 
sides  with  the  finger.  The  cover  is  then  supported  against  the  mouth 
of  the  crucible  in  the  ordinary  way,  and  the  ignition  commenced  by 
heating  the  portion  of  the  crucible  in  contact  with  the  cover.  When 
the  flame  has  the  proper  size  and  position,  the  filter  carbonizes  quietly 
without  any  appearance  of  flame  or  considerable  amount  of  smoke. 
When  the  carbonization  proceeds  too  slowly,  the  flame  is  moved  a  little 
toward  the  bottom  of  the  crucible.  After  some  time  the  precipitate 
appears  to  be  surrounded  only  by  an  extremely  thin  envelope  of  cai-bon, 
possessing  exactly  the  form  (of  course  diminished  in  size)  of  the  original 
filter ;  the  flame  is  then  increased,  and  the  crucible  maintained  at  a 
bright-red  heat  until  the  carbon  contained  in  this  envelope  is  consumed. 
The  combustion  proceeds  so  quietly  that  the  resulting  ash  suiTOunding 
the  precipitate  possesses,  even  to  the  smallest  fold,  the  exact  form  of 
the  origimd  filter.  If  the  ash  shows  here  and  there  a  dark  color,  it  is  sim- 
ply necessary  to  heat  the  crucible  over  a  blast-lam])  for  a  few  minutes 
to  efiect  the  complete  removal  of  the  trace  of  carbon.  This  method  of 
burning  a  filter  is  extremely  convenient  and  accurate ;  it  is  only  necessa- 
ry to  give  a  little  attention  at  first  to  the  slow  carbonization  of  the  paper, 
after  which  the  further  progress  of  the  operation  may  be  left  to  itself. 

Gelatinous,  finely  divided,  granular,  and  crystalline  precipitates,  such 
as  alumina,  calcium  oxalate,  barium  sulphate,  silica,  magnesium  ammo- 
nium phosphate,  (be,  may  with  equal  facility  be  treated  in  this  manner ; 
BO  that  even  in  this  particular  the  work,  in  comparison  with  the  method 
generally  ailopted,  is  considerably  shortened  and  simplified. 

§  53,  c 

Adyaxtages  of  Bunsex's  New  Method. 

From  the  above  experiments  it  appears  that  the  time  necessary  to 
filter  and  dry  a  quantity  of  chromium  sesquioxyd,  hitherto  requiring 
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about  7  hours,  is  reduced  by  the  new  method  to  13  minutes.  This  sav- 
ing of  time  is,  moreover,  proportionately  greater  in  the  case  of  precipi- 
tates more  easily  filtered  than  hydrated  chromium  sesquioxide.  Parti- 
cidarly  is  this  so  in  separating  a  finely  suspended  precipitate  from  a 
large  volume  of  water.  Under  these  circumstances  the  clear  fluid  runs 
through  the  filter  in  a  continuous  stream,  so  rapidly  that  it  is  scarcely 
possible  to  maintain  the  supply ;  the  entire  operation,  in  fact,  requires 
scarcely  more  time  than  that  necessary  to  pour  a  liquid  from  one  vessel 
to  another.  Filtration,  therefore,  may  be  effected  as  quickly  through  the 
smallest  as  through  the  largest  filter.  Moreover,  the  exceedingly  small 
amount  of  water  required  to  wash  a  precipitate  completely  renders  unne- 
cessary the  tedious  evaporations  which  by  the  older  method  are  almost 
inevitable  when  the  filtrate  is  needed  for  a  further  separation.  Thus 
the  introduction  of  impurities  from  the  action  of  the  liquid  upon  the 
dish  in  the  course  of  evaporation  is  prevented ;  and  also  the  loss  due  to 
the  slight  solubility  of  the  greater  number  of  precipitates  in  the  wash- 
water  is  reduced  to  a  minimum.  Supposing  we  had  to  analyze  an  alka- 
line chromate  in  which  the  quantity  of  chromic  acid  is  equivalent  to 
0*2436  grm.  chromic  sesquioxide,  as  in  the  above  described  experi- 
ments, then  to  determine  the  proportion  of  alkali,  we  should,  by  using 
the  older  method,  require  the  preliminary  evaporation  of  about  1050 
cub.  centims.  of  liquid ;  by  the  new  method  the  evaporation  of  40  cub. 
centims.  only  is  necessary.  Now  by  employing  the  water-bath,  with 
constant  water-level,  it  is  possible,  under  favorable  cireumstances,  to 
evaporate  in  a  porcelain  dish  1  cub.  centim.  of  water  in  27  seconds. 
Consequently  the  evaporation  of  the  filtrate  obtained  by  the  older 
method  would  occupy  about  eight  hours,  whilst  by  the  new  18  minutes 
only  are  required.  The  total  length  of  time  needed  to  filter  the  chro- 
mium sesquioxide,  wash  and  dry  the  precipitate,  and  evaporate  the 
filtrate  is  reduced,  therefore,  from  14  or  15  hours  to  about  32  minutes. 

Experience  has  shown  that,  on  the  average,  three  or  four  analyses  can 
now  be  made  in  the  time  formerly  demanded  by  a  single  one. 

Another  and  an  inestimable  advantage  springs  from  the  peculiar  con- 
dition of  a  precipitate  filtered  by  this  method.     It   not   unfrequently 
happens,  even  in  the  hands  of   experienced   manipulators,  in   conse- 
quence of  the  agitation  it  is  necessary  to  give  to  the  contents  of  the 
filter  to  effect  their  complete  washing,  that  the  surface  of  the  filter  be- 
comes injured  and  torn  so  that  the  precipitate  becomes  mixed  with  fila- 
ments of  paper ;  this  is  pai-ticularly  the  case  in  using  hot  water.     Suppos- 
ing the  precipitate  to  consist  of  mixed  hydrates  of  the  sesquioxides  (for 
example,  iron  and  alumina),  it  will  be  found  on  redissolving  in  an  acid, 
that  the  filaments,  like  tartaric  acid,  prevent  the  complete  separation 
of  these  substances  by  subsequent  precipitation ;  thus  the  alumina  will 
contain  iron,  and  on  precipitation  by  means  of  ammonium  sulphide  wiU 
be  colored  black.     On  the  other  hand,  by  employing  the  new  method 
the  precipitate  coheres  so  firmly  that  the  introduction  of  this  source  of 
error  is  impossible,  even  by  using  common  gray  filter-paper.     The  most 
gelatinous  precipitates,  as  hydrated  ferric  oxide,  alumina,  <fec.,  adhere  to 
the  filter  in  a  thin  coherent  layer,  and  may  be  removed,  piece  after 
piece,  so  completely  that  the  paper  remains  perfectly  clean  and  white. 
The  advantage  thus  gained  where  it  is  necessary  to  transfer  mixed  pre- 
ci])itates  to  another  vessel  in  order  to  efFeet  their  subsequent  sepftration 
b  evident. 


j  £>3,  d.  I        bdxsbn's  simplified  exhaubtino  appakatus.  T9 

Since  the  hulk  of  the  moist  precipit&tes,  particnl&rl^  that  of  the  moi-u 
gelatinous,  ie  bo  much  diminished  under  the  high  pressure,  the  precipi- 
tate only  occupying  one-third  to  one-sLxth  of  its  bulk  under  ordimu:}' 
circumstances,  a  filter  of  one-third  to  one-sixth  of  the  size  usually  em- 
ployed may  be  taken,  and  thus  the  amount  of  ash  proportionately  les> 
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BtrasKs's  Simplified  ExiuusTraa  Apparatus. 

It  is  not  neceitBary  to  use  a  pump  as  poverfol  as  that  described,  since 
a  fall  of  10  or  16  feet  is  sufficient  to  filter  a  precipitate  according  to  the 
above  described  method,  and  bo  far  to  dry  it 
that  it  can  be  immediately  ignited  in  the  cru- 
cible. The  simple  aiTangement  represented  in 
fig.  45  answers  this  purpose.  It  consists  of  two 
eqiial-Rized  bottles,  a  and  a',  of  from  2  to  4 
litres  capacity,  each  of  which  is  provided  near 
the  bottom  with  a  small  stopcock  designed  to 
regulate  the  flow  of  water.  Suppose  a  filled 
with  water  and  placed  upon  a  shelf  ss  high 
above  the  ground  as  poBsible,  and  a'  placed 
empty  on  the  floor,  and  the  two  stopcocks  con- 
nected by  means  of  caoutchouc  tubing  ej  then 
OD  allowing  water  to  flow  down  the  tube  the 
air  in  the  upper  bottle  becomes  somewhat 
rarefied ;  and  in  order  to  employ  the  conse- 
quent difference  in  pressure  (amounting  to  a 
column  of  mercuiy  about  0'2  metve  in  height) 
for  the  purpose  of  filtration,  it  is  only  necea- 
Bary  to  connect  the  mouth  of  the  upper  bottle 
with  the  tube  of  the  filter-flask.  When  the 
water  has  ceased  to  fiow,  the  position  of  the 
bottle  is  reversed,  when  the  operation  recom- 
mences. So  small  a  pressuit;  as  0*3  metre 
suffices  to  render  the  filter  and  its  contents  so 
&r  dry  that  they  may  be  immediately  with- 
drawn from  the  funnel  and  ignited  witliout  any 
other  preliminary  desiccation.  The  following 
experiment,  made  with  a  portion  of  the  same 
solution  of  chromium  used  in  the  former  deter- 
minationa,  will  serve  to  show  the  saving  of 
time  effected  by  this  simple  arrangement : — ■ 

XI, 

Tranafening  the   precipitate    with   14 ) 

cub.  centima.  of  water. . . 
For  a  single  addition  of  26  i 

of  wasli-water  to  mn  through j  —.      j^ 

To  drain  tlis  precipiUte 4  ^' 

Time  lequired  in  washing 2ft 
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Weight  uf  the  precipitate 0*2435  gmu 

Volume  of  wash-water 40  cub.  centims. 

Pressure  in  manometer 0'184  metre. 

This  amount  of  chromium  sesquioxide  (0'2435  grm.)  differs  from  the 
mean  of  the  former  experiments  (0'243G  grm.)  by  one-tenth  of  a  milli- 
gramme only,  and  shows  that  even  by  a  pressure  of  0*184  metre  the  wash- 
ing is  as  complete  by  the  single  addition  of  26  cub.  centims.  of  water. 
The  duration  of  the  filtering  process  in  the  former  experiments  ranged 
from  12  to  14  minutes  under  a  difference  of  pressure  amounting  to  from 
0*53  to  0*572  metre ;  in  the  last  experiment  it  required  25  minutes 
under  a  pressure  of  0*184  metre,  or  about  double  the  length  of  time. 
The  time  needed  to  analyze  potassium  chromate  in  the  former  case  was 
reduced  from  14  hours  to  32  minutes;  by  the  latter  method  the  reduo> 
tion  would  be  from  14  hours  to  44  minutes. 

§  54. 
5.  Analysis  by  Measure  (Volumetric  Analysis). 

The  principle  of  volumetric  analysis  has  been  explained  already  in  the 
"  Introduction,"  where  we  have  seen  'how  the  quantity  of  protoxide  of 
iron  present  in  a  fluid  may  be  determined  by  means  of  a  solution  of 
permanganate  of  potassa,  the  value  of  which  has  been  previously  ascer- 
tained by  observing  the  quantity  required  to  oxidize  a  known  amount 
of  protoxide  of  iron. 

In  order  to  make  the  matter  as  clear  as  possible  I  will  here  adduce  a 
few  more  examples. 

Suppose  we  have  prepared  a  solution  of  chloride  of  sodium  of  such  a 
strength  that  100  c.  c.  will  exactly  precipitate  1  grm.  silver  from  its 
solution  in  nitric  acid,  we  can  use  it  to  estimate  unknown  quantities  of 
silver.  Let  us  imagine,  for  instance,  wet  have  an  alloy  of  silver  and 
copper  in  unkno^vn  proportion,  we  dissolve  1  grm.  in  nitric  acid,  and 
add  to  the  solution  our  solution  of  chloride  of  sodium,  drop  by  drop, 
until  the  whole  of  the  silver  is  thrown  down,  and  an  additional  drop 
fails  to  produce  a  further  precipitate.  The  amount  of  silver  present 
may  now  be  calculated  from  the  amount  of  solution  of  chloride  of 
sodium  used.  Thus,  supposing  we  have  used  80  c.  c,  the  amount  of 
silver  present  in  the  alloy  is  80  per  cent. ;  since,  as  100  c.  c.  of  the  solu- 
tion of  chloride  of  sodium  will  throw  down  1  grm.  of  pure  silver  (i.e. 
of  100  per  cent.),  it  follows  that  every  c.  c.  of  the  chloride  of  sodium 
solution  corresponds  to  1  per  cent,  of  silver. 

Another  example.  It  is  well  kno%vn  that  iodine  and  sulphuretted  hydro- 
cen  cannot  exist  together :  whenever  these  two  substances  are  brought 
in  contact,  decomposition  immediately  ensues,  the  hydrogen  separating 
from  the  sulphur  and  combining  with  the  iodine  (1  -f  HS  =  HI  +  S). 
Hydriodic  acid  exercises  no  action  on  starch-pa^te,  whereas  the  least 
trace  of  free  iodine  colors  it  blue.  Now,  if  we  prepare  a  solution  of 
iodine  (in  iodide  of  potassium)  containing  in  100  c.  c.  0*7470  grm.  iodine, 
we  may  with  this  decompose  exactly  0*1  grm.  sulphuretted  hydrogen, 
for  17  :  127  : :  0*1  :  0*7470.  Let  us  suppose,  then,  we  have  before  us  a 
fluid  coi;  lab  ling  an  unknown  amount  of  sulphuretted  hydrogen,  which 
it  is  our  intention  to  determine.  We  add  to  it  a  little  stareh-paste,  and 
then,  drop  by  drop,  our  solution  of  iodine,  until  a  persistent  blue  colo 
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ration  of  the  fluid  indicates  the  formation  of  iodide  of  starch,  and  hence 
the  complete  decomposition  of  the  sulphuretted  hydrogen.  The  amonut 
of  the  latter  originally  present  in  the  fluid  may  now  be  readily  calculated 
from  the  amount  of  solution  of  iodine  used.  Say,  for  instance,  we  have 
used  50  c.  c.  of  iodine  solution,  the  fluid  contained  originally  0"j5  sul- 
phuretted hydrogen ;  since,  as  we  have  seen,  100  c.  c.  of  our  iodine 
solution  will  decompose  exactly  0*1  grm.  of  that  body. 

Solutions  of  accurately  known  composition  or  strength,  used  for  the 
purposes  of  volumetric  analysis,  are  called  standard  solutions.  They 
may  be  prepared  in  two  ways,  viz.,  (a)  by  dissolving  a  weighed  quantity 
of  a  substance  in  a  definite  volume  of  fluid  ;  or  (6),  by  first  preparing  a 
suitably  concentrated  solution  of  the  reagent  required,  and  then  deter- 
mining its  exact  strength  by  a  series  of  experiments  made  with  it  upon 
weighed  quantities  of  the  body  for  the  determination  of  which  it  is  in- 
tended to  be  used. 

In  the  preparation  of  standard  solutions  by  method  a,  a  certain  defi- 
nite strei]^h  is  adopted  once  for  all,  which  is  usually  based  upon  the 
principle  of  an  exact  correspondence  between  the  number  of  grammes 
of  the  reagent  contained  in  a  litre  of  the  fluid,  and  the  equivalent  num- 
ber of  the  reagent  (H=l).  In  the  case  of  standard  solutions  prepared 
by  method  6,  this  may  also  be  easily  done,  by  diluting  to  the  required 
degree  the  still  somewhat  too  concentrated  solution,  after  having  accu- 
rately determined  its  strength ;  however,  as  a  rule,  this  latter  process  is 
only  resorted  to  in  technical  analyses,  where  it  is  desirable  to  avoid  all 
calculation.  Fluids  which  contain  the  eq.  number  of  grammes  of  a  sub- 
stance in  one  litre,  are  called  normal  solutions/  thbse  which  contain  -^ 
of  this  quantity,  decinormal  solutions. 

The  determination  of  a  standard  solution  intended  to  be  used  for  vol- 
umetric analysis  is  obviously  a  most  important  opei*ation ;  since  an^ 
error  in  this  will,  of  course,  necessarily  falsify  every  analysis  made  with 
it.  In  scientific  and  accurate  researches  it  is,  therefore,  always  advisa- 
ble, whenever  practicable,  to  examine  the  standai'd  solution — no  matter 
whether  prepared  by  method  a,  or  by  method  6,  with  subsequent  dilu- 
tion to  the  required  degree — ^by  experimenting  with  it  upon  accurately 
weighed  quantities  of  the  body  for  the  detei-mination  of  which  it  is  to 
be  used. 

In  the  previous  remarks  I  have  made  no  difierence  between  fluids  of 
known  composition  and  those  of  known  power ;  and  this  has  hitherto 
been  usuaL  But  by  accepting  the  two  expressions  as  synonymous,  we 
take  for  granted  that  a  fluid  exercises  a  chemical  action  exactly  corre- 
sponding to  the  amount  of  dissolved  substance  it  contains — that,  for  in- 
stance, a  solution  of  chloride  of  sodium  containing  1  eq.  Na  CI  will  pre- 
cipitate exactly  1  eq.  silver.  This  presumption,  however,  is  very  often 
not  absolutely  correct,  as  will  be  shown  with  reference  to  this  very  ex- 
ample,  §  115,  6,  5.  In  such  cases,  of  course,  it  is  not  merely  advisable, 
but  even  absolutely  necessary,  to  determine  the  strength  of  the  fluid 
by  experiment,  although  the  amount  of  the  reagent  it  contains  may 
be  exactly  known,  for  the  power  of  the  fluid  can  be  infen*ed  from  its 
composition  only  approximately  and  not  with  perfect  exactness.  If  a 
standard  solution  keeps  unaltered,  this  is  a  great  advantage,  as  it  dis- 
penses with  the  necessity  of  determining  its  strength  before  every  fresh 
analysis. 

That  particular  change  in  the  fluid  operated    -  pon  by  means  of  a 
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standard  aolution  which  marks  the  completion  of  the  intended  decom- 
position, is  termed  the  final  reaction.  This  consists  either  in  a 
change  of  color,  as  is  the  case  when  a  solution  of  permanganate  of 
potassa  acts  upon  an  acidified  solution  of  protoidde  of  iron,  or  a  solu* 
tion  of  iodine  upon  a  solution  of  sulphui-etted  hydrogen  mixed  with 
starch  paste ;  or  in  the  cessation  of  tfte  fomuUion  of  a  precij)it(Ue  upon 
further  addition  of  the  standard  solution,  as  is  the  case  when  a  stand- 
ard solution  of  chloride  of  sodium  is  used  to  precipitate  silver  from 
its  solution  in  nitric  acid  ;  or  in  incipient  precipitationy  as  is  the  case 
when  a  standard  solution  of  silver  is  added  to  a  solution  of  hydrocyanic 
acid  mixed  with  an  alkali ;  or  in  a  change  in  the  action  of  the  examined 
fluid  upon  a  particular  reagent,  as  is  the  case  when  a  solution  of  arsen- 
ite  of  soda  is  added,  drop  hy  drop,  to  a  solution  of  chloride  of  lime, 
until  the  mixture  no  longer  imparts  a  blue  tint  to  paper  moistened  with 
iodide  of  potassium  and  starch-paste,  kc. 

The  more  sensitive  a  final  reaction  is,  and  the  more  readily,  posi- 
tively, and  rapidly  it  manifests  itself,  the  better  is  it  calculated  to  serve 
as  the  basis  of  a  volumetric  method.  In  cases  where  it  is  an  object  of 
great  importance  to  ascertain  with  the  greatest  practicable  precision  the 
exact  moment  when  the  reaction  is  completed,  the  analyst  may  some- 
times prepare,  besides  the  actual  standard  solution,  another,  ten  times 
more  dilute,  and  use  the  latter  to  finish  the  process,  carried  nearly  to 
completion  with  the  former. 

But  a  good  fijial  reaction  is  not  of  itself  sufficient  to  afford  a  safe  basis 
for  a  good  volumetric  method  ;  this  i*equires,  as  the  first  and  most  in- 
dispensable condition,  that  the  particular  decomposition  which  consti- 
tutes the  leading  point  of  the  analytical  process  should — at  least  under 
certain  known  circumstances — remain  unalterably  the  same.  Wherever 
this  is  not  the  case — where  the  action  varies  with  the  greater  or  less 
degree  of  concentration  of  the  fluid,  or  according  as  there  may  be  a  little 
more  or  less  free  acid  present ;  or  according  to  the  greater  or  less  rapid- 
ity of  action  of  the  standard  solution ;  or  where  a  precipitate  formed  in 
the  coi'trse  of  the  process  has  not  the  same  composition  throughout  the 
operation — the  basis  of  the  volumetric  method  is  fallacicusy  and  ihe 
method  itself,  therefore,  of  no  value. 


SECTION   II. 

REAGENTS. 

§55. 

Fob  general  information  respecting  reagents,  I  refer  the  student  to  my 
volume  on  "  Qualitative  Analysis." 

The  instructions  given  here  will  be  confined  to  the  preparation,  testing, 
and  most  important  uses  of  those  chemical  substances  which  subserve 
principally  and  more  exclusively  the  purposes  of  quantitative  analysis. 
Those  reagents  which  are  employed  in  qualitative  investigations,  having 
been  treated  of  already  in  the  volume  on  the  qualitative  branch  of  the 
analytical  science,  will  therefore  be  simply  mentioned  here  by  name. 

The  reagents  used  in  quantitative  analysis  are  properly  arranged  under 
the  following  heads  : — 

A,  Beagents  for  gravimetric  analysis  in  the  wet  way. 

j5.  Reagents  for  gravimetric  analysis  in  the  dry  way. 

(7.  Reagents  for  volumetric  analysis. 

D,  Reagents  used  in  organic  analysis. 

The  mode  of  preparing  the  fluids  used  in  volumetric  analysis,  will  be 
found  where  we  shall  have  occasion  to  speak  of  their  application. 

A.  REAGENTS  FOR  GRAVIMETRIC  ANALYSIS 

IN  THE  WET  WAY. 

L  SIMPLE   SOLVENTS. 

§  56. 

1.  Distilled  Water  (see  "  Qual.  Anal."). 

Water  intended  for  quantitative  investigations  must  be  perfectly  pure 
Water  distilled  from  glass  vessels  leaves  a  residue  upon  evaporation  in 
a  platinum  vessel  (see  experiment  No.  5),  and  is  therefore  inapplicable 
for  many  purposes ;  as,  for  instance,  for  the  determination  of  the  exact 
degree  of  solubility  of  sparingly  soluble  substances.  For  cei-tain  uses  it 
is  necessary  to  free  the  water  by  ebullition  from  atmospheric  air  and  car- 
bonic acid. 

2.  Alcohol  (see  "  Qual.  Anal."). 

a.  Absolute  alcohol,  h.  Rectified  spirit  of  wine  of  various  degrees  of 
itrength. 

3.  Etheu. 

The  application  of  ether  as  a  solvent  is  very  limited.  It  is  more  fre- 
quently used  mixed  with  spirit  of  wine,  in  order  to  diminish  the  solvent 
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power  of  the  latter  for  certain  substances,  e.j/.,  bichloride  of  platinnm 
and  chloride  of  ammonium.  The  ordinary  ether  of  the  shops  will  answei 
the  purpose. 

n.  ACIDS  AND  HALOGENS. 

a.    Oxygen  Acids, 

§57. 

1.   SULPHURIO   AOID. 

o.  Concentrated  sulphuric  acid  of  the  shops. 
h.  Concentrated  pure  sulphuric  acid, 
c.  Dilute  sulphuric  acid. 
See  "  Qual.  Anal." 

2.  NiTRio  Acid. 

a.  Pure  nitric  acid  of  \'2  sp.  gr.  (see  "  Qual.  Anal."). 

6.  Bed  fuming  nitric  acid  (concentrated  nitric  acid  containing  bobmi 
hyponitric  acid). 

Prepa/ratio7i, — Two  parts  of  pure,  dry  nitrate  of  potassa  are  introduced 
into  a  capacious  retort,  and  one  part  of  concentrated  sulphuric  acid  is 
added  either  through  the  tubulure  of  the  retort,  or  if  a  common  non- 
tubulated  one  is  used,  through  the  neck  by  means  of  a  long  funnel-tube 
bent  at  the  lower  end,  carefully  avoiding  soiling  the  neck  of  the  retort. 
The  latter  being  put  into  a  vessel  filled  with  sand,  or,  better  still,  with 
iron  turnings,  is  then  connected  with  a  receiver,  but  not  quite  air-tight. 
The  distillation  is  conducted  at  a  gradually  increased  heat,  and  carried 
to  dryness.  The  cooling  of  the  receiver  must  be  properly  attended  to 
during  the  distillation.  In  the  prepai*ation  of  small  quantities,  the  re- 
tort is  placed  on  a  piece  of  wire-gauze,  and  heated  with  charcoal ;  in  this 
process  it  is  always  advisable  to  coat  the  retort  by  repeated  application 
of  a  thin  paste  made  of  clay  and  water ;  a  little  borax  or  carbonate  of 
soda  should  be  added  to  the  water  used  for  making  the  paste. 

Teats. — Red  fumius^  nitric  acid  must  be  in  a  state  of  the  greatest  possi- 
ble concentration,  and  perfectly  free  from  sulphuric  acid.  In  order  to  de- 
tect minute  ti-aces  of  the  latter,  evaporate  a  few  c.  c  of  the  specimen  in  a 
porcelain  dish  nearly  to  diyness,  dilute  the  residue  with  water,  add  some 
chloride  of  barium,  and  observe  whetlier  a  precipitate  forms  on  standing. 

Uses, — ^A  powerful  oxidizing  agent  and  solvent ;  it  serves  more  espe- 
cially to  conveH  sulphur  and  metsJlic  sulphides  into  sulphuric  acid  and 
sulphates  respectively. 

3.  Acetic  Acid  (see  "  Qual.  Anal."). 

4.  Tabtaric  Acid  (see  "  Qual.  Anal."). 

h.  Hydrogen  Acids  and  JBTalogens. 

§58. 
1.  Hydrochloric  Acid. 

a.  Pure  hydrochloric  acid  of  1*12  sp.  gr.  (see  "  Qual.  Anal.''). 

h.  Pure  fuming  hydrochloric  acid  of  about  1*18  sp.  gr. 

Preparation, — ^As  in  "  Qual.  Anal."  §  26,  with  this  modification,  how- 
ever, that  only  3  or  4  parts  of  water,  instead  of  6,  are  put  into  the  re- 
ceiver, to  4  parts  of  cMoride  of  sodium  in  the  retort.   The  greatest  cart 
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mriBt  be  taken  to  keep  the  receiver  coo],  and  to  change  it  as  soon  as  the 
tube  through  which  the  gas  is  conducted  into  it  begins  to  get  hot,  since 
it  is  now  no  longer  hydrochloric  acid  gas  which  passes  over,  but  an 
aqueous  solution  of  the  gas,  in  form  of  vapor,  which  would  simply  weaken 
the  fuming  acid,  if  it  were  allowed  to  mix  with  it. 

Testa, — ^Tho  fuming  acid  must,  for  many  purposes,  be  perfectly  free 
from  chlorine  and  sulphui'ous  acid.  For  the  mode  of  testing  for  these 
impurities,  see  ^  Qual.  Anal.^  loc.  cit.  Test  for  sulphuric  acid  as  under 
Nitric  Acid,  previous  page. 

lTse8, — Fuming  hydrochloric  acid  has  a  much  more  energetic  action 
than  the  dilute  acid ;  it  is,  therefore,  used  instead  of  the  latter  in  cases 
where  a  more  rapid  and  energetic  action  is  desirable. 

2.  Hydrofluoric  Acid. 

This  is  employed  for  the  decomposition  of  silicates  and  borates,  some- 
times in  the  gaseous  form,  sometimes  in  the  condition  of  aqueous  solu- 
tion. In  the  first  case,  the  substance  to  be  decomposed  is  introduced  into 
the  leaden  box,  in  which  the  hydrofluoric  gas  is  being  generated ;  in  the 
latter  case,  we  must  first  prepare  the  aqueous  acid.  The  raw  materia] 
employed  is  fluor  spar  or  kryoUte  (Luboldt*).  Both  are  first  finely  pow- 
dered, and  then  treated  with  concentrated  sulphuric  acid.  To  1  part 
kryolite,  2^  parts  sulphuric  acid  are  used ;  to  1  part  fluor  spar,  2  parts 
sidphuric  acid  are  used.  If  the  latter  is  employed,  allow  the  mixture  to 
stand  in  a  dry  place  for  several  days,  stirring  every  now  and  then,  so 
that  the  silicic  acid  (which  is  generally  contained  in  fluor  spar)  may  first 
escape  in  the  foim  of  fluosilicic  gas.  Convenient  distillatory  apparatus 
have  l)een  described  by  Luboldt  (loc.  cit.)  and  by  H.  Briegleb.I  The 
latter  commends  itself  especially  on  account  of  its  relatively  small  cost.  It 
consists  of  a  leaden  retort,  with  a  movable  leaden  top,  which  can  be  luted 
on.  The  receiver  belonging  to  it  is  a  box  of  lead,  with  a  tubulure  at  the 
side,  into  which  the  neck  of  the  retort  just  enters.  Tlie  cover  of  the 
receiver  is  raised  conical,  and  is  provided  at  the  top  with  an  exit  tube 
of  lead.  In  the  receiver  a  platinum  dish  containing  water  is  placed,  all 
joints  are  luted,  and  the  retort  is  carefully  heated  in  a  sand-bath.  The 
aqueous  hydrofluoric  acid  found  at  the  end  of  the  operation  in  the  plati- 
num dish  is  perfectly  pure.  The  small  quantity  of  impure  hydrofluoric 
add  which  collects  on  the  bottom  of  the  receiver  is  thrown  away.  The 
hydrofluoric  acid  must  entirely  volatilize  when  heated  in  a  platinum  dish 
on  a  water-bath.  The  pure  acid  gives  no  precipitate  when  neutralized 
with  potash,  while  silicofluoride  of  potassium  separates  if  the  acid  con- 
tains hydrofluosilicic  acid.  The  acid  is  best  preserved  in  gutta-percha 
bottles,  as  recommended  by  Stadeler.  The  greatest  caution  must  be 
observed  in  preparing  this  acid,  since,  whether  in  the  fluid  or  gaaeoufl 
condition,  it  is  one  of  the  most  injurious  substances. 

3.  Chlorine  and  Chlorine-water  (see  "  Qual.  AnaL"). 

4.  Nitro-hydrochloric  Acid  (see  "  QuaJ.  Anal."). 

5.  Hydrofluosilicic  Acid  (see  "  Qual.  Anal."). 

c.    Sutphwr  Adds, 
1.  Hydrosulphuric  Acid  (see  "  Qual.  Anal."). 

•  Jonm.  fur  prakt.  Chem.,  76,  880. 
f  Annal  d.  Chem.  a.  Pharm.,  Ill,  380. 
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in.  BASES  AND  METALS. 

a.   (kcygen  Doses  and  MeiaU. 

559. 
a.   Alkalies, 

1.  PoTASSA  AND  SoDA  (see  '^  Qual.  Anal."). 

All  the  three  sorts  of  the  caustic  alkalies  mentioned  in  the  qualitatiy« 
part  are  required  in  quantitative  analysis,  viz.,  conmion  solution  of  soda, 
hydi*ate  of  potassa  purified  with  alcohol,  and  solution  of  potasaa  prepared 
with  baryta.  Pure  solution  of  potassa  may  be  obtained  also  by  heating 
to  redness  for  half  an  hour  in  a  copper  crucible,  a  mixture  of  1  part  of 
nitrate  of  potassa,  and  2  or  3  parts  of  thin  sheet  copper  cut  into  small 
pieces,  treating  the  mass  with  water,  allowing  the  oxide  of  copper  to 
subside  in  a  tall  vessel,  and  removing  the  supernatant  clear  fluid  by 
means  of  a  syphon  (Wohler).* 

2.  Ammonia  (see  ^'  Qual.  AnaL*'). 

/3.  Alkaline  Eofiihs. 

1.  Babyta  (see  "Qual.  Anal."). 

2.  Lime. 

Finely  divided  hydrate  of  lime  mixed  with  water  (milk  of  lime),  is 
used  more  particularly  to  effect  the  separation  of  magnesia,  &c.,  from  the 
alkalies.  Milk  pf  lime  intended  to  be  used  for  that  purpose  must,  of 
course,  be  perfectly  free  from  alkalies.  To  insure  this  the  hydrat« 
should  be  thoroughly  washed,  by  repeated  boiling  with  fresh  quantities 
ot  distilled  water.  This  operation  is  conducted  best  in  a  silver  dish. 
When  cold,  the  milk  of  lime  so  prepared  is  kept  in  a  well-stoppjr^d 
bottle. 

7.  Heavy  Metals^  and  Hievr  Osddes. 

§60. 

L  Zinc. 

Zinc  has  of  late  been  much  used  as  a  reagent  in  quantitative  ana)  ^sis. 
It  serves  more  especially  to  effect  the  reduction  of  dissolved  sesquioxide 
of  iron  to  protoxide,  and  also  the  precipitation  of  copper  from  the  liolu- 
tions  of  that  metal.  Zinc  intended  to  be  used  for  the  former  purpose 
must  be  free  from  iron,  for  the  latter  free  from  lead,  copper,  and  other 
metals  which  remain  undissolved  upon  treating  the  zinc  with  dilute 
acids. 

To  procure  zinc  which  leaves  no  residue  upon  solution  in  dilute  sul- 

*  Hydrate  of  soda,  made  by  acting  on  pure  water  by  pure  Bodiain  and  f^  «ing 
In  silver  vessels,  is  to  be  bad  cheaply  of  the  Magnesiam  Metal  OompaDy ,  Salxurd, 
Hanchester,  England. 
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phiiric  add,  there  is  commonlj  uo  other  resource  but  to  re-distil  the  coin* 
mercial  article. 

This  is  effected  in  a  retort  made  of  the  material  of  Hessian  or  black- 
lead  crucibles.  The  operation  is  conducted  in  a  wind-furnace  with  good 
draught.  The  neck  of  the  retort  must  hang  down  as  perpendicular  as 
possible.  Under  the  neck  is  placed  a  basin  or  small  tub,  filled  with  water. 
The  distillation  begins  as  soon  as  the  retort  is  at  a  bright  red  heat.  As 
the  neck  of  the  retort  is  very  liable  to  become  choked  up  with  zinc,  or 
oxide  of  zinc,  it  is  necessary  to  keep  it  constantly  free  by  means  of  a 
pipe-stem.  The  zinc  obtained  by  this  re-distillation  is  nearly  or  quite 
free  from  lead. 

Tests. — ^The  following  is  the  simplest  way  of  testing  the  purity  of  zinc : 
dissolve  the  metal  in  dilute  sulphuric  acid  in  a  small  flask  provided  with 
a  gas-evolution  tube,  place  the  outer  limb  of  the  tube  under  water,  add 
when  the  solution  is  completed,  let  the  water  entirely  or  partly  recede 
into  the  flask ;  after  cooling,  add  to  the  fluid,  drop  by  drop,  a  sufficiently 
dilute  solution  of  permanganate  of  potassa.  If  a  drop  of  that  solution 
imparts  the  same  red  tint  to  the  zinc  solution  as  to  an  equal  volume  of 
water,  the  zinc  may  be  considered  free  from  iron.  I  prefer  this  way  of 
testing  the  purity  of  zinc  to  other  methods,  as  it  affords,  at  the  same  time, 
an  approximate,  or,  if  the  zinc  has  been  weighed,  and  the  chameleon  solu- 
tion (which,  in  that  case,  must  be  considerably  diluted)  measured,  an 
accurate  and  precise  knowledge  of  the  quantity  of  iron  present.  If  lead 
or  copper  are  present,  these  metals  remain  undissolved  upon  solution  of 
the  zinc. 

2.  Oxide  of  Lead. 

Precipitate  pure  nitrat-e  or  acetate  of  lead  with  carbonate  of  ammonia, 
wash  the  precipitate,  dry,  and  ignite  gently  to  complete  decomposition. 

Oxide  of  lead  is  often  used  to  flx  an  add,  so  that  it  is  not  expelled 
eTen  by  a  red  heat. 

6.  SiUphv/r  liases. 

1.  Sulphide  of  Ahmoniuh  (see  ^^  Qual.  Anal."). 

We  require  both  the  colorless  monosulphide,  and  the  yellDW  poly- 
sulphide. 

2.  Sulphide  of  Sodiuh  (see  '^  Qual.  Anal."). 


IV.    SALTS. 
a.  Salts  of  the  Alkalies, 

§  61. 

1.  Sulphate  op  Potassa  (see  "  Qual.  Anal."). 

2.  Oxalate  of  Ahmonia  (see  "  Qual.  AnaL"). 

3.  Acetate  of  Soda  (see  ^<  Qual.  Anal."). 

4.  Succinate  of  Ammonia. 
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PreparcUwi, —  Saturate  succinic  acid,  which  han  ^een  purified  hy 
dissolving  in  nitric  acid  and  recrystallizing,  with  dilute  ammonia. 
The  reaction  of  the  new  compound  should  be  raihrr  slightly  alkaline 
than  acid. 

Uses. — This  reagent  serves  occasionally  to  separate  sesquioxide  of 
iron  from  other  metallic  oxides. 

5.  Carbonate  of  Soda  (see  "  Qual.  Anal."). 

This  reagent  is  required  both  in  solution  and  in  pure  crystals ;  in  the 
latter  form  to  neutralize  an  excess  of  acid  in  a  fluid  which  it  is  desir- 
able not  to  dilute  too  much. 

6.  Carbonate  op  Ammonia  (see  Qual.  Anal."). 

7.  Bisulphite  of  Soda  (see  "  Qual.  Anal."). 

8.  Hyposulphite  op  Soda. 

This  salt  occurs  in  commerce.  It  should  be  dry,  clear,  well  cr>Rtal- 
lized,  completely  and  with  ease  soluble  in  water.  The  solution  must 
give  with  nitrate  of  silver  at  first  a  white  precipitate,  must  not  efler- 
vesce  with  acetic  acid,  and  when  acidified  must  give  no  precipitate  with 
chloride  of  barium,  or  at  most,  only  a  slight  turbidity.  The  acidified 
solution  must,  after  a  short  time,  become  milky  from  separation  of  sul- 
phur. 

Uses, — ^The  hyposulphite  of  soda  is  used  for  the  precipitation  of  sev- 
eral metals,  as  sulphides,  particularly  in  separations,  for  instance,  of 
copper  from  zinc ;  it  also  serves  as  solvent  for  several  salts  (chloride  of 
silver,  sulphate  of  lime,  <tc.)  ;  lastly,  it  is  employed  in  volumetric  ana- 
lysis,  its  usQ^here  depending  on  the  reaction  2  (NaO,  Sg  Og)  -f  I  =  Na 
1  +  Na  O,  S,  O,. 

9.  Nitrite  op  Potassa  (see  "  Qual.  Anal."). 

10.  Bichromate  op  Potassa  (see  "  Qual.  Anal."). 

11.  Molybdate  op  Ammonia  (see  "  Qual.  Anal."). 

12.  Chloride  of  Ammonium  (see  ^  Qual.  Anal."). 

13.  Cyanide  op  Potassium  (see  "Qual.  Anal."). 

h.  Salt8  of  the  Alkaline  Earths. 
§  62. 

1.  Chloride  op  Barium  (see  "  Qual.  Anal."). 

The  following  process  gives  a  very  pure  chloride  of  barium,  free 
from  lime  and  strontia : — Transmit  through  a  concentrated  solution  of 
impure  chloride  of  barium  hydrochloric  gas,  as  long  as  a  precipitate 
continues  to  form.  Nearly  the  whole  of  the  chloride  of  barium  pre- 
sent is  by  this  means  separated  from  the  solution,  in  form  of  a  crystal- 
line powder.  Collect  this  on  a  filter,  let  the  adhering  liquid  drain  off, 
wash  the  powder  repeatedly  with  small  quantities  of  pure  hydrochloric 
acid,  until  a  sample  of  the  washings,  diluted  with  water,  and  precipitated 
with  sulphuric  acid,  gives  a  filtrate  which,  upon  evaporation  in  a  plati- 
num dish,  leaves  no  residue.  The  hydrochloric  mother-liquor  serves  to 
dissolve  fresh  portions  of  witherite.  I  make  use  of  the  chloride  of 
barium  so  obtained,  principally  for  the  preparation  of  perfectly  paro 
caibonate  of  baryta,  which  is  often  required  in  quantitatiye  anaiv 

2.  Acetate  of  Baryta. 
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I^reparation, — Dissolve  pare  carbonate  of  baryta  in  moderately  di 
lute  acetic  acid,  filter,  and  evaporate  to  crystallization. 
.  2^est8, — Dilute  solution  of  acetate  of  baryta  must  not  be  rendered 
turbid  by  solution  of  nitrate  of  silver.  See  also  "  Qual.  Anal.,"  Chlo* 
ride  of  harium^  the  same  tests  being  also  used  to  ascertain  the  purity 
of  the  acetate. 

Uses, — Acetate  of  baryta  is  used  instead  of  chloride  of  barium,  to 
effect  the  precipitation  of  sulphuric  acid,  in  cases  where  it  is  desirable 
to  avoid  the  introduction  of  a  chloride  into  the  solution,  or  to  convert 
the  base  into  an  acetate.  As  the  reagent  is  seldom  required,  it  is  best 
kept  in  crystals. 

3.  Carbonate  of  Baryta  (see  "  Qual.  Anal."). 

4.  Chloride  of  Strontium. 

Preparation, — Chloride  of  strontium  is  prepared  fi-om  strontianite 
or  celestine,  by  the  same  processes  as  chloride  of  baiium.  The  pure 
crystals  obtained  are  dissolved  in  spirit  of  wine  of  9G  per  cent.,  the 
solution  is  filtered,  and  kept  for  use. 

Uses. — The  alcoholic  solution  of  chloride  of  strontium  is  used  to  ef- 
fect the  conversion  of  alkaline  sulphates  into  chlorides,  in  cases  where 
it  is  desirable  to  avoid  the  introduction  into  the  fiuid  of  a  salt  insoluble 
in  spirit  of  wine. 

5.  Chloride  of  Calcium  (see  "  Qual.  Anal."). 

6.  Sulphate  of  Magnesia  (see  "  Qual.  Anal."). 

This  reagent  is  principally  used  to  precipitate  phosphoric  acid  from 
aqueous  solutions.  The  solution  required  for  this  purpose  should  be 
kept  ready  prepared ;  it  is  made  by  dissolving  1  part  of  crystallized 
sulphate  of  magnesia  and  1  part  of  pure  chloride  of  ammonium  in  8 
parts  of  water  and  4  parts  of  solution  of  ammonia,  allowing  the  fiuid 
to  stand  at  rest  for  several  days,  and  then  filtering. 

This  solution  is  sometimes  called  magnesiarmixture. 

c.  Salts  of  the  Oxides  of  the  Heavy  Metals. 

§  63. 

1.  Sulphate  of  Protoxide  op  Iron  (see  "  Qual.  Anal."). 

2.  Sesquichloride  of  Iron  (see  "  Qual.  Anal."). 

3.  Acetate  of  Sesquioxide  of  Uranium. 

Heat  finely  powdered  pitchblende  with  dilute  nitric  acid,  filter  the 
fluid  'from  the  undissolved  portion,  and  treat  the  filtrate  with  hydro- 
sulphuric  acid  to  remove  the  lead,  copper,  and  arsenic;  filter  again, 
evaporate  to  dryness,  extract  the  residue  with  water,  and  filter  the  so- 
lution from  the  oxides  of  iron,  cobalt,  and  manganese.  Nitrate  of  ses- 
quioxide of  uranium  crystallizes  from  the  filtrate ;  purify  this  by  recrys- 
tallization,  and  then  heat  the  crystals  until  a  small  portion  of  the  ses- 
quioxide of  uranium  is  i*educed.  Warm  the  yellowish-red  mass  thus 
obttiined  with  acetic  acid,  filter  and  let  the  filtrate  crystallize.  The 
crystals  are  acetate  of  sesquioxide  of  uranium,  and  the  mother-liquor 
euiitains  the  undecomposed  nitrate  (Wertheim). 

Tests.' — Solution  of  acetate  of  sesquioxide  of  uranium  after  acidifica- 
tion with  hydrochloric  acid  must  not  be  altered  by  hydrosulphuric  acid  ; 
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jarbonate  of  ammonia  must  produce  in  it  a  precipitate,  solu  »le  in  an 
excess  of  the  precipitant. 

Uses, — Acetate  of  sesquioxide  of  ui'anium  may  serve,  in  many  ca&cS| 
to  effect  the  separation  and  determination  of  phosphoric  acid. 

4.  NiTKATE  OF  Silver  (see  "  Qual.  Anal."). 

i^.  Acetate  of  Lead  (see  ^'  QuaL  AnaL"). 

6.  Chloride  of  Mebccky  (see  ^  Qual.  Anal."). 

7.  Protochloride  of  Tin  (see  "  Qual.  Anal."). 

8.  Bichloride  of  Platinum  (see  '^  Qual.  Anal."). 

9.  Sodio-Protochloride  of  Palladium  (see  '^  Qual.  Anal."). 

JS.  REAGENTS  FOR  GRAVIMETRIC  ANALYSIS  IN 

THE  DRY  WAY. 

§64. 

1.  Carbonate  of  Soda,  pure  anhydrous  (see  "  Qual.  Anal."). 

2.  Mixed  Carbonates  of  Soda  and  Potassa  (see  "  Qual.  Anal.") 

3.  Hydrate  of  Baryta  (see  "  Qual.  Anal,"  and  §  59). 

4.  Nitrate  of  Potassa  (see  "  Qual.  Anal."), 

5.  Nitrate  of  Soda  (see  "  Qual.  Anal,"). 

6.  Borax  (fused). 

Preparation, — Heat  crystallized  borax  (see  "  Qual.  Anal.")  in  a 
platinum  or  porcelain  dii^,  until  there  is  no  further  intumescence ;  re- 
duce the  porous  mass  to  powder,  and  heat  this  in  a  platinum  crucible 
until  it  is  fused  to  a  transparent  mass.  Pour  the  semi-fluid,  viscid  mass 
upon  a  fragment  of  porcelain.  A  better  way  is  to  fuse  the  boi'ax 
in  a  net  of  platinum  gauze,  by  making  the  gas  blowpipe-flame  act  upon 
it.  The  drops  are  collected  in  a  platinum  dish.  The  vitriiied  borax  ob- 
tained is  kept  in  a  well-stoppered  bottle.  But  as  it  is  always  necessai-y 
to  heat  the  vitrifled  borax  previous  to  use,  to  make  quite  sure  that  it  is 
perfectly  anhydrous,  the  best  way  is  to  prepare  it  only  when  required. 

Uses, — Vitrifled  borax  is  used  to  efiect  the  expulsion  of  cai-bonic  acid 
and  other  volatile  acids,  at  a  red  heat. 

7.    BiSULPHATE  OF  POTASSA. 

Preparation, — Mix  87  parts  of  neutral  sulphate  of  potassa  (see  "  Qual. 
Anal."),  in  a  platinum  crucible,  with  49  parts  of  concentrated  pure  sul- 
phuric acid,  and  heat  to  gentle  redness  until  the  mass  is  in  a  state  of 
uniform  and  limpid  fusion.  Pour  the  fused  salt  on  a  fragment  of  porce- 
lain,  or  into  a  platinum  dish  standing  in  cold  water.  Afler  cooling, 
break  the  mass  into  pieces,  and  keep  for  use.* 

Uses, — This  reagent  serves  as  a  flux  for  certain  native  compoimds  of 
alumina  and  sesquioxide  of  chromium.  Bisulphate  of  potassa  is  used 
also,  as  we  have  already  had  occasion  to  state,  for  the  cleansing  of  plati- 
num crucibles ;  for  this  latter  purpose,  however,  the  salt  which  is  ob- 
tained in  the  preparation  of  nitric  acid  will  be  found  sufficiently  pure. 

8.  Carbonate  of  Amhonia  (solid). 

Preparation, — See  "  Qual.  Anal." — ^This  reagent  serves  to  convert  the 

*  [J.  Lawrence  Smith  advises  the  use  of  bisnlphate  of  soda  for  fluxing  alami« 
nous  oompoonds,  as  the  fused  moss  is  much  more  readily  soluble  in  water.  J 
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bisulphates  of  the  alkalies  into  neutral  salts.     It  must  completely  ^ola^ 
fciiize  when  heated  in  a  platinum  dish. 

9.  Nitrate  of  Ammonia. 

Jhrepai-cUiwi, — ^Neutralize  pure  carbonate  of  ammonia  with  pure  nitric 
acid,  warm,  and  add  ammonia  to  slightly  alkaline  reaction  ;  filter,  if  ne« 
cessary,  and  let  the  filtrate  crystallize.  Fuse  the  crystals  in  a  platinum 
dish,  and  pour  the  fused  mass  upon  a  piece  of  porcelain ;  break  into 
|»ieces  whilst  still  warm,  and  keep  in  a  well-stoppered  bottle. 

TetU. — ^Nitrate  of  ammonia  must  leave  no  residue  when  heated  in  a 
platinum  dish. 

Uses, — Nitrate  of  ammonia  serves  as  an  oxidizing  agent ;  for  instance, 
to  convert  lead  into  oxide  of  lead,  or  to  effect  the  combustion  of  carbon, 
in  cases  where  it  is  desired  to  avoid  the  use  of  fixed  salts. 

10.  Chloride  of  Ammonium. 

Preparation  and  Tests, — See  "  Qual.  Anal." 

Uses, — Chloride  of  ammonium  is  often  used  to  convert  metallic  oxides 
and  acids,  e.^.,  oxide  of  lead,  oxide  of  zinc,  binoxide  of  tin,  arsenic  acid, 
antimonic  acid,  <kc.,  into  chlorides  (ammonia  and  water  escape  in  the 
process).  Many  metallic  chlorides  being  volatile,  and  others  volatilizing 
in  presence  of  chloride  of  ammonium  fumes,  they  may  be  completely  re- 
moved by  igniting  them  with  chloride  of  ammonium  in  exces.s,  and  thus 
many  compounds,  e.g,^  alkaline  antimoniates,  may  be  easily  and  expedi- 
tiously analyzed.  Chloride  of  ammonium  is  also  used  to  convert  various 
salts  with  ^ther  acids  into  chlorides,  e.g.^  small  quantities  of  alkaline 
sulphates. 

11.  Hydrogen  Gas. 

Preparation, — Hydrogen  gas  is  evolved  when  dilute  sulphuric  acid  is 
added  to  granulated  zinc.  It  may  be  purified  from  traces  of  foreign 
gases  either  by  passing  fii-st  through  chloride  of  mercury  solution,  then 
through  potash  solution,  or  as  recommended  by  Stenhouse,  by  passing 
through  a  tube  filled  with  pieces  of  charcoal.  If  the  gas  is  desired  dry, 
pass  through  sulphuric  acid  or  a  chloride  of  calcium  tube. 

Tests, — ^Pure  hydrogen  gas  is  inodorous.  It  ought  to  bum  with  a 
colorless  flame,  which,  when  cooled  by  depressing  a  porcelain  dish  upon 
it,  must  deposit  nothing  on  the  surface  of  the  dish  except  pure  water 
(free  from  acid  reaction). 

Z7>e».--Hydrogen  gas  is  frequently  used,  in  quantitative  analysis,  to 
reduce  oxides,  chlorides,  sidphides,  <&c.,  to  the  metaUic  state. 

12.  Chlorine. 

Pt^f>aflraMon, — See  "  Qual  Anal." — Chlorine  gas  is  purified  and  diied 
by  transmitting  it  through  concentrated  sulphuric  acid,  or  a  chloride  of 
calcium  tube. 

Uses. — Chlorine  gas  serves  principally  to  produce  chlorides,  and  to 
separate  the  volatile  from  the  non- volatile  chlorides ;  it  is  also  used  to 
displace  an£.  indirectly  determine  bromine  and  iodine. 

C.  REAGENTS  USED  IN  VOLUMETRIC  ANALYSIS. 

§  65. 
Under  this  head  are  arranged  the  most  important  of  those  substancesi 
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which  serve  for  the  preparation  and  testing  of  the  fluids  required  iu 
volumetric  analysis,  and  have  not  been  given  sub  A  and  JB. 

1.  Pure  Crystallized  Oxalic  Acid. 

The  introduction  of  ciystallized  oxalic  acid  as  a  basis  for  alkalimetry 
and  acidimetry  is  due  to  Fr.  Mohr.  It  is  also  employed  to  determine 
the  strength  of,  or  to  standardize^  a  solution  of  permanganate  of  potassa, 

1  equivalent  of  permanganic  acid  being  required  to  convert  5  equivalents 
of  oxalic  acid*  into  carbonic  acid  (Mn.^  O7  -f-  2  S  0,  +  6  Cj  O3  =  2  (Mn 
O,  S  Oj )  -h  10  C  O3  ).  We  use  in  most  cases  the  pure  crystallized  acid 
which  has  the  formula  C,  O,,  H  O  +  2  aq.,  and  of  which  the  equivalent 
is  accordingly  63. 

Prepa/ration, — ^Treat  powdered  oxalic  acid  of  commerce,  in  a  flask,  with 
lukewarm  distilled  water,  in  such  proportion  as  will  leave  a  large 
amount  of  the  acid  undissolved,  and  shake  (Mohb).  Filter,  crystallize, 
and  let  the  crystals  drain  ;  then  spread  them  out  on  blotting-paper,  and 
let  them  get  thoroughly  dry,  at  the  common  tempei'ature,  in  a  place  free 
from  dust ;  or  press  them  gently  between  sheets  of  biotting-pa].)er,  and 
repeat  the  operation  with  fresh  sheets,  until  the  crystals  are  quite  dry. 
Another  method,  by  which  the  acid  is  obtained  perfectly  pure,  consists 
in  decomposing  oxalate  of  lead  with  dilute  sulphuric  acid. 

Tests, — The  crystals  of  oxalic  acid  must  not  show  the  least  sign  of 
efflorescence  (to  which  they  are  liable  even  at  20°  in  a  dry  atmosphere) ; 
they  must  dissolve  in  water  to  a  perfectly  clear  fluid ;  when  heated  in  a 
platinum  dish,  they  must  leave  no  fixed  and  incombustible  residue  (car- 
bonate of  lime,  carbonate  of  potassa,  t&c.).  If  the  acid  obtained  by  a 
first  crystallization  fails  to  satisfy  these  requirements,  it  must  be  recrys- 
tallized. 

2.  Tincture  op  Litmus. 

Preparation, — Digest  1  part  of  litmus  of  commerce  with  6  parts  of 
water,  on  the  water-bath,  for  some  time,  filter,  divide  the  blue  fluid  into 

2  portions,  and  saturate  in  one  half  the  free  alkali,  by  stirring  repeat- 
edly with  a  glass  rod  dipped  in  very  dilute  nitric  acid,  until  the  color 
just  appears  red ;  add  the  remaining  blue  half,  together  with  1  part  of 
strong  spirit  of  wine,  and  keep  the  tincture,  which  is  now  ready  for  use, 
in  a  small  open  bottle,  not  quite  full,  in  a  place  protected  from  dust. 
In  a  stoppered  bottle  the  tincture  would  speedily  loose  color. 

Tests, — Litmus  tincture  is  tested  by  coloring  with  it  about  100  cubic 
centimetres  of  water  distinctly  blue,  dividing  the  fluid  into  two  por- 
tions, and  adding  to  the  one  the  least  quantity  of  a  dilute  acid,  to  the 
other  a  trace  of  solution  of  soda.  If  the  one  portion  acquires  a  dis- 
tinct red,  the  other  a  distinct  blue  tint,  the  litmus  tincture  is  fit  for 
use,  as  neither  acid  nor  alkali  predominatfig. 

3.  Permanganate  of  Potassa. 

Preparation, — Mix  8  parts  of  vei-y  finely  powdered  pure  pyrolusite, 
or  binoxide  of  manganese,  with  7  parts  of  chlorate  of  potassa,  put  the 
mixture  into  a  shallow  cast-iron  pot,  and  add  37  parts  of  a  solution 
of  potassa  of  1*27  specific  gravity  (the  same  solution  as  is  used  in 
organic  analysis  f) ;   evapoi-ate  to  dryness,  stirring  the  mixture  during 


*  Considered  as  a  monobaBic  acid. 

f  Or  instead  of  the  solution,  use  10  parts  of  the  hydrate  (K  O,  H  0).     In  thifl 
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the  operation ;  put  the  residue  before  it  has  absorbed  moisture,  into 
an  iron  or  Hessian  crucible,  and  expose  to  a  dull-red  heat,  with  fre- 
quent stirring  with  an  iron  rod  or  iron  spatula,  until  no  more  aqueous 
vapors  escape  and  the  mass  is  in  a  faint  glow.  Hemove  the  crucible  now 
from  the  tire,  and  transfer  the  friable  mass  to  an  iron  pot.  Keduce  to 
ooarse  powder,  and  transfer  this,  in  small  portions  at  a  time,  to  an  iron 
vessel  containing  100  parts  of  boiling  ^"ater;  keep  boiling,  replacing  the 
evaporating  water,  and  passing  a  stream  of  carbonic  acid  through  the 
^uid.  (Mulder*).  The  originally  dark  green  solution  of  maugauate  of 
potassa  soon  changes,  with  separation  of  hydrated  binoxide  of  manganese, 
to  the  deep  violet-red  of  the  permanganate.  When  it  is  considered  that 
the  conversion  is  complete,  allow  to  settle,  take  out  a  small  quantity  of 
the  clear  liquid,  boil  and  pass  carbonic  acid  through  it.  If  a  precipitate 
forms,  the  conversion  is  not  yet  complete. 

The  solution  may  be  filtered  through  gun-cotton.  Evaporate,  crystal- 
lize, and  dry  the  crystals  on  a  porous  tile. 

The  pure  salt  is  now  to  be  obtained  in  commerce. 

4.  Ammonio-Sulphate  of  Protoxide  of  Iron. 

(Fe  O,  S  O3+N  H,  O,  S  0»f6  aq.) 

Fr.  Mohr  has  proposed  to  employ  this  double  salt,  which  is  not  liable 
to  efflorescence  and  oxidation,  as  an  agent  to  determine  the  strength  of 
the  permanganate  solution. 

Jrreparation, — Take  two  equal  portions  of  dilute  sulphuric  acid,  and 
warm  the  one  with  a  moderate  excess  of  small  iron  nails  free  fix>m  rust, 
until  the  evolution  of  hydrogen  gas  has  altogether  or  very  nearly  ceased  ; 
neutralize  the  other  portion  exactly  with  carbonate  of  ammonia,  and 
then  add  to  it  a  few  drops  of  dilute  sulphuric  acid.  Filter  the  solution 
of  the  sulphate  of  the  protoxide  of  iron  into  that  of  the  sulphate  of  am- 
monia, evaporate  the  mixture  a  little,  if  necessary,  and  then  allow  the 
salt  to  crystallize.  Let  the  crystals,  which  are  hard  and  of  a  pale  green 
color,  drain  in  a  funnel,  then  wash  them  in  a  little  water,  dry  thoroughly 
on  blotting-paper  in  the  air,  and  keep  for  use. 

The  equivalent  of  the  salt  (19G)  is  exactly  7  times  that  of  iron  (28).' 
The  solution  of  the  salt  in  water  which  has  been  just  acidified  with  sul- 
phuric acid  must  not  become  red  on  the  addition  of  sulphocyanide  of 
potassium. 

[5.  Ammoxia-Iron-Alum. 

(Fe,  0„  3  SOa-f  NH,  O,  S03,+24  HO.) 

jPreparaiion,, — Bring  into  a  large  porcelain  dish  58  grms.  of  pure 
crystallized  ferrous  sulphate  (see  Fresenius' "  Qual.  Anal."  Am.  ed.  p.  73), 
together  with  a  quantity  of  oil  of  vitriol  equivalent  to  8*3  grms.  of  an- 
hydrous sulphuric  acid  (see  Table,  p.  488).  Heat  upon  a  sand-bath,  add- 
ing nitric  acid  from  time  to  time,  in  small  poi*tions,  until  the  iron  has 
all  passed  into  ferric  oxide,  or  until  a  drop  of  the  solution  gives  no  blue 
coloration  with  ferricyanide  of  potassium.  Heat  further,  and  evap- 
orate until  the  excess  of  nitric  acid  is  expelled,  then  add   14  grms. 

case  fuse  the  potash  and  the  chlorate  together  first,  and  then  project  the  manga 
nese  into  the  cmcible. 

*  Jahresbericht  von  Kopp  und  Will,  1858,  581. 
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of  sulphate  of  ammonia,*  and,  if  need  be,  hot  water  sufficient  to  bring 
the  salt  into  solution ;  filter  into  a  porcelain  capsule  and  set  aside,  under 
cover,  to  ciystallize. 

The  iron-alum  separates  in  cubo-octahedrons,  which  may  be  yellowish, 
lilac,  or  colorless.  If  dark  in  color,  dissolve  in  warm  water,  add  a  few 
drops  of  oil  of  vitriol,  and  ciystallize  again.  Binse  the  pale  or  colorless 
crystals,  after  separation  from  the  mother-liquor,  with  cold  water,  wrap 
up  closely  in  filter  paper,  and  allow  them  to  dry  at  the  ordinary  tem- 
perature.! 

The  yield  should  be  about  80  grms.  The  dry  salt  should  be  pulver- 
ized, pressed  between  folds  of  paper  until  freed  from  mechanicaUy  ad- 
hering water,  and  preserved  in  a  well-stoppered  bottle. 

ITses, — Ammonia-iron-alum  furnishes  the  best  means  of  obtaining  a 
definite  quantity  of  ferric  oude  for  making  standard  solutions,  being 
easily  obtained  pure  and  inalterable  if  kept  away  from  acid  vapors.  Its 
purity  may  be  readily  controlled  by  ascertaining  the  loss  on  careful  igni- 
tion, which  should  leave  a  residue  of  16*6  per  cent,  of  sesquioxide  of 
iron,  corresponding  to  11*59  per  cent,  of  metallic  iron. 

6.  PdRE  Iodine. 

J^'eparation. — ^Triturate  iodine  of  commerce  with  ^  part  of  its  weight 
of  iodide  of  potassium,  dry  the  mass  in  a  large  watch-glass  with  ground 
rim,  warm  this  gently  on  a  sand-bath,  or  on  an  iron  plate,  and  as  soon  i&s 
violet  fumes  begin  to  escape,  cover  it  with  another  watch-glass  of  the 
same  size.  Continue  the  application  of  heat  until  all  the  iodine  is  sub- 
limed, and  keep  in  a  well-closed  glass  bottle.  The  chlorine  or  bromine, 
which  is  often  found  in  iodine  of  commerce,  combines,  in  this  process, 
with  the  potassium,  and  remains  in  the  lower  watch-glass,  together  with 
the  excess  of  iodide  of  potassium. 

Te8t8. — Iodine  purified  by  the  process  just  now  described,  must  leave 
no  fixed  residue  when  heated  on  a  wateh-glass.  But,  even  supposing  it 
should  leave  a  trace  on  the  glass,  it  would  be  of  no  great  consequence, 
as  the  small  portion  intended  for  use  has  to  be  resublimed  immediately 
before  weighing. 


*  If  not  oil  hand,  this  salt  may  be  prepared  by  saturating  oil  of  vitriol  with 
carbonate  of  ammonia  and  evaporating  to  dryness.  80  grammes  of  oil  of  vitriol 
give  somewhat  more  than  is  required  above. 

f  Examinations  of  iron-alum  thus  prepared  show  that  the  variations  in  the 
color  of  the  salt,  from  oolorless  to  rose,  are  not  connected  with  appreciable  differ- 
ences of  composition. 

J.  H.  Grove,  of  the  Sheffield  Laboratory,  obtained  the  following  results  in  the 
examination  of  ammonia-iron-alum  crystals,  the  ferric  oxide  being  estimated  ta|y 
ignition : — 


.1 


Fe,  0« 
16-59 
Ist  ^  16-56 
16-59 
2d  16-58 
8d  16-57 
4th  16-57 
5th  16-58 
16-50 


6th 

7th 

Calculated     16  HN) 


}     16-56 
7th  16-55 
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{796«.- -Pure  iodine  is  used  to  determine  the  amount  of  iodine  con« 
tained  iu  the  solution  of  iodine  in  iodide  of  potassium,  employed  in 
many  volumetric  processes. 

7.  Iodide  of  Potassium. 

Small  quantities  of  this  article  may  be  procured  cheaper  in  commerce 
than  prepared  in  the  laboratory.  For  the  preparation  of  iodide  of  potas- 
sium intended  for  analytical  purposes  I  recommend  Baup's  method,  im- 
proved by  Fkederking,  because  the  product  obtained  by  this  process  is 
free  from  iodic  acid. 

Testa, — Put  a  sample  of  the  salt  in  dilute  sulphuric  acid.  If  the  iodide 
is  pure,  it  will  dissolve  without  coloring  the  fluid ;  but  if  it  contain 
iodate  of  potassa,  the  fluid  will  acquire  a  brown  tint,  from  the  presence 
of  free  iodine  (K  I+H  0  +  S  03=K  O,  S  Oj-hH  I  and  I  0|  +  5  H  1= 
5  H  04-6  I,  which  remain  in  solution  in  the  hydriodic  Acid).  Mix  the 
solution  of  another  sample  with  nitrate  of  silver,  as  long  as  a  precipitato 
continues  to  form ;  add  solution  of  ammonia  in  excess,  shake  the  mix- 
ture, filter,  and  supersaturate  the  filtrate  with  nitric  acid.  The  forma- 
tion of  a  white,  curdy  precipitate  indicates  the  presence  of  chloride  in 
the  iodide  of  potassium.  Presence  of  sulphate  of  potassa  is  detected  by 
means  of  solution  of  chloride  of  barium,  with  addition  of  some  hydro- 
chloric acid. 

Uses, — Iodide  of  potassium  is  used  as  a  solvent  for  iodine  in  the  pre- 
paration of  standard  solutions  of  iodine ;  it  is  employed  also  to  absorb 
fipee  chlorine.  In  the  latter  case  every  equivalent  of  chlorine  liberates 
an  equivalent  of  iodine,  which  is  retained  in  solution  by  the  agency  of  the 
excess  of  iodide  of  potassium.  The  iodide  of  potassium  intended  for  these 
uses  must  be  free  from  iodate  and  carbonate  of  potassa ;  the  pi*esence  of 
trifling  traces  of  chloride  of  potassium  or  sulphate  of  potassa  is  of  no 
consequence. 

8.  Absekious  Acid. 

The  ars<!nious  acid  sold  in  the  shops  in  large  pieces,  externally  opaque, 
but  often  still  vitreous  within,  is  generally  quite  pure.  The  purity  of  the 
article  is  tested  by  moderately  heating  it  in  a  glass  tube,  open  at  both  ends, 
through  which  a  feeble  current  of  air  is  transmitted.  Pure  arsenious 
acid  must  completely  volatilize  in  this  process ;  no  residue  must  be  left  in 
the  tube  upon  the  expidsion  of  the  sublimate  from  it.  If  a  non-volatile 
residue  is  left  which,  when  heated  in  a  current  of  hydrogen  gas,  turns 
black,  the  arsenious  acid  contains  teroxide  of  antimony,  and  is  unfit  for 
use  in  analytical  processes.  Dissolve  about  10  grms.  of  the  arsenious  acid 
to  be  tested  in  soda,  and  add  1 — 2  drops  acetate  of  lead.  If  a  brownish 
color  is  produced,  the  arsenious  acid  contains  sulphide  of  arsenic  and 
cannot  be  used.  Arsenious  acid  is  employed,  in  form  of  arsenite  of  soda, 
to  determine  hypochlorous  acid,  free  chlorine,  iodine,  &c. 

9.  Chloride  of  Sodium. 

Perfectly  pure  rock-salt  is  best  suited  for  analytical  purposes.  It  must 
didsolve  in  water  to  a  clear  fluid ;  oxalate  of  ammonia,  phosphate  of  soda, 
and  chloride  of  barium  must  not  trouble  the  solution.  Pure  chloride  of 
aodium  may  be  prepared  also  by  Margueritte's  process,  viz.,  conduct  into 
a  concentrated  solution  of  common  salt  hydrochloric  gas  to  saturation, 
collect  the  small  crvstals  of  chloride  of  sodium  which  separate  on  a  fun- 
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nol,  let  theia  thoroughly  drain,  wash  with  hydrochloric  acid,  and  dry  the 
chloride  of  sodium  finally  in  a  porcelain  dish,  until  the  hydrochloric  acid 
adhering  to  it  has  completely  evaporated.  The  mother-liquor,  which 
contains  the  small  quantities  of  sulphate  of  lime,  chloride  of  magnesium, 
&c.,  originally  present  in  the  salt,  is  at  the  next  preparation  of  hydro- 
chloric acid  added  to  the  ingredients  in  the  retort,  instead  of  a  corre- 
sponding portion  of  water. 

TJsts, — Chloride  of  sodium  serves  as  a  volumetric  precipitating  agent 
in  the  determination  of  silver,  and  also  to  determine  the  strength  of  solu 
tions  of  silver  intended  for  the  estimation  of  chlorine.  We  usually  fuse 
it  before  weighing.  The  operation  must  be  conducted  with  caution,  and 
must  not  be  continued  longer  than  necessary  ;  for  if  the  gas-ilame  acts 
on  the  salt,  hydrochloric  acid  escapes,  while  carbonate  of  soda  is  formed. 

10.  Metallic  Silver. 

The  silver  obtained  by  the  proper  reduction  of  the  pure  chloride  of 
the  metal  alone  can  be  called  chemically  pure.  The  silver  precipitated 
by  copper  is  never  absolutely  pure,  but  contains  genei-ally  about  xi^^ 
of  copper. 

Chemically  pure  silver  is  only  used  in  small  quantity  to  prepare  the 
dilute  solution  employed  for  the  determination  of  silver.  The  solution 
of  silver  required  for  the  estimation  of  chlorine  need  not  be  made  with 
absolutely  pure  silver,  as  the  strength  of  this  solution  hitd  always  best 
be  deteimined  after  the  preparation,  by  means  of  pure  chloiide  of  sodium. 


D.  REAGENTS  USED  IN  ORGANIC  ANALYSIS. 

§66. 

1.  Oxide  op  Copper. 

Preparation, — Stir  pure*  copper  scales  (which  should  first  be  ignited 
in  a  muffie)  with  pure  nitric  acid  in  a  porcelain  dish  to  a  thick  ])aste  ; 
after  the  effervescence  has  ceased,  heat  gently  on  the  sand-bath  un- 
til the  mass  is  perfectly  dry.  Transfer  the  green  basic  salt  produced  to 
a  Hessian  crucible,  and  heat  to  a  moderate  redness,  until  no  more  fumes 
of  hyponitric  acid  escape ;  this  may  be  known  by  the  smell,  or  by  intro- 
ducing a  small  portion  of  the  mass  into  a  test  tube,  closing  the  latter 
with  the  finger,  heating  to  redness,  and  then  looking  through  the  tube 
lengthways.  The  uniform  decomposition  of  the  salt  in  the  crucible  may 
be  promoted  by  stirring  the  mass  from  time  to  time  with  a  hot  glass  rod. 
When  the  crucible  has  cooled  a  little,  reduce  the  mass,  which  now  con- 
sists of  pure  oxide  of  copper,  to  a  tolerably  fine  powder,  by  triturating 
it  in  a  brass  or  porcelain  mortar ;  pass  through  a  metal  sieve,  and  keep 
in  a  well-stoppei-ed  bottle  for  use.  It  is  always  advisable  to  leave  a 
small  portion  of  the  oxide  in  the  crucible,  and  to  expose  this  again  to  an 
intense  red  heat.  This  agglutinated  portion  is  not  pounded,  but  simply 
broken  into  small  fragments. 

■ "*- —  —        —      — -  -  _    i_ 

*  If  the  scales  contain  lime,  digpest  them  with  water,  containing  a  litU.e  nltrta 
add,  for  a  long  time,  wash,  and  then  proceed  as  above. 
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'j^ests. — Pure  oxide  of  copper  is  a  compact,  heavy,  deep-black  pow- 
der, gritty  to  the  touch ;  upon  exposure  to  a  red  heat  it  must  evolve  no 
hyp>nitric  acid  fumes,  nor  carbonic  acid;  the  latter  would  indicate 
prebeuce  of  fragments  of  charcoal,  or  particles  of  dust.  It  must  contain 
nothmg  soluble  in  water.  That  portion  of  the  oxide  which  has  been  ex- 
pose* i  to  an  intense  red  heat  should  be  hard,  and  of  a  grayish-black  color. 

Vbes. — Oxide  of  copper  serves  to  oxidize  the  carbon  and  hydrogen  of 
organjc  substances,  yielding  up  its  oxygen  wholly  or  in  part,  according 
to  ciro  imstances.  That  portion  of  the  oxide  which  has  been  heated  to 
the  mo  it  intense  redness  is  particularly  useful  in  the  analysis  of  volatile 
fluids. 

N.B.  Ilie  oxide  of  copper,  after  \ise,  may  be  regenerated  by  oxidation 
with  nitdc  acid,  and  subsequent  ignition.  Should  it  have  become  mixed 
with  alkitline  salts  in  the  course  of  the  analytical  process,  it  is  first  digested 
with  veiy  dilute  cold  nitric  acid,  and  washed  afterwards  with  water.  To 
purify  oxide  of  copper  containing  chloride,  £.  Erlenheyer  recommends 
to  ignite  it  in  a  tube,  first  in  a  stream  of  moist  air,  and  finally,  when  the 
escaping  gas  ceases  to  redden  litmus  paper,  in  dry  air.  By  these  opera- 
tions any  oxides  of  nitrogen  that  may  have  remained  are  also  removed. 

2.  Chromatb  of  Lead. 

Preparation, — Precipitate  a  clear  filtered  solution  of  acetate  of  lead, 
slightly  acidulated  with  acetic  acid,  with  a  small  excess  of  bichromate  of 
potassa ;  wash  the  precipitate  by  decantation,  and  at  last  iJuyrougJdy  on 
a  linen  strainer ;  dry,  put  in  a  Hessian  crucible,  and  heat  to  bright 
redness  until  the  mass  is  fairly  in  fusion.  Poui-  out  upon  a  stone  slab  or 
iron  plate,  break,  pulverize,  pass  through  a  fine  metallic  sieve,  and  keep 
the  tolerably  fine  powder  for  use. 

Testa. — Chromate  of  lead  is  a  heavy  powder,  of  a  dirty  yellowish-brown 
oolor»  It  must  evolve  no  carbonic  acid  upon  the  application  of  a  red  heat ; 
the  evolution  of  carbonic  acid  would  indicate  contamination  with  organic 
matter,  dust,  kc.     It  must  contain  nothing  soluble  in  water. 

Uses. — Chromate  of  lead  serves,  the  same  as  oxide  of  copper,  for  the 
combustion  of  organic  substances.  It  is  converted,  in  the  process  of  com- 
bustion, into  sesqmoxide  of  chromium  and  basic  chromate  of  lead.  It 
sufiers  the  same  decomposition,  with  evolution  of  oxygen,  when  heated 
by  itself  above  its  point  of  fusion.  The  property  of  chromate  of  lead  to 
fuse  at  a  red  heat  renders  it  preferable  to  oxide  of  copper  as  an  oxidizing 
agent,  in  cases  where  we  have  to  act  upon  difficultly  combustible  sub- 
stances. 

N.B.  Chromate  of  lead  may  be  used  a  second  time.  For  this  purpose 
it  is  fused  again  (being  first  roasted,  if  necessary),  and  then  powdered. 
After  having  been  twice  used  it  is  powdered,  moistened  with  nitiic  acid, 
dried,  and  fused.  In  this  way  the  chromate  of  lead  may  be  used  over  and 
over  again  indefinitely  (Vohl*). 

3.  OxTGEir  Gas. 

Pteparalicm, — ^Triturate  100  grammes  of  chlorate  of  potassa  with 
exactly  0*1  grm.  of  finely-powdered  sesquioxide  of  iron,  and  introduce 
the  mixture  into  a  plain  retort,  which  must  not  be  more  than  half  full ; 
eoEpose  the  retort,  over  a  charcoal  fire,  at  first  to  a  gentle,  and  then  to  a 

*  Annalen  d.  Ghem.  a.  Pharm.,  106, 127. 
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gmdually  increased  heat.  As  soon  an  the  salt  begins  to  fuse,  sliake  the 
retort  a  little,  that  the  contents  may  be  uniformly  heated.  The  evolution 
of  oxygen  speedily  commences,  and  proceeds  i-apidlyybut  not  impetuously, 
provided  the  above  proportion  between  the  chlorate  of  potassa  and  the 
sesquioxide  of  iron  be  adhered  to.  As  soon  as  the  air  is  expelled  from 
the  retort,  connect  the  glass  tube,  fixed  in  the  neck  of  the  retort  by  means 
of  a  tight-fitting  perforated  cork,  with  an  india-rubber  tube  inserted  into 
the  lower  orifice  of  the  gasometer ;  the  glass  tube  must  be  sufficiently 
wide,  and  there  must  be  sufficient  space  left  around  the  indiarrubber  to 
permit  the  free  efflux  of  the  displaced  water.  Continue  the  application 
of  heat  to  the  retort  until,  incipient  redness  having  been  reached,  the 
evolution  of  gas  has  altogether  or  very  nearly  ceased.  It  is  advisable 
to  coat  the  retort  up  to  the  middle  of  the  body  with  several  layers  of  a 
thin  paste  made  of  clay  and  water,  with  addition  of  a  little  carbonate  of 
soda  or  borax. 

100  grammes  of  chlorate  of  potassa  give  about  27  litres  of  oxygen  gas. 

The  oxygen  gas  produced  by  this  process  is  moist,  and  may  contain 
traces  of  carbonic  acid  gas,  and  also  of  chlorine.  The  gas  prepared  from 
a  mixture  of  chlorate  of  potassa  with  a  comparatively  large  proportion  of 
bin  oxide  of  manganese  always  contains  a  rather  considerable  quantity  of 
chlorine  gas.  These  impurities  must  be  removed,  and  the  oxygen  gas 
thoroughly  dried,  before  it  can  be  used  in  elementaiy  organic  analysis. 
The  gas  is  therefore  passed  from  the  gasometer,  first  through  a  Liebiq's 
bulb-appai*atus  filled  with  solution  of  potassa  of  1  *27  sp.  gr.,  then  through 
a  U-tube  containing  pumice-stone,  moistened  with  sulphuric  acid,  after- 
wards through  several  tubes  filled  with  hydrate  of  potassa,  and  lastly 
through  a  chloride  of  calcium  tube. 

Tests, — A  chip  of  wood  which  has  been  kindled  and  blown  out,  so  as 
to  leave  a  spark  at  the  extremity,  must  immediately  burst  into  flame  in  a 
current  of  oxygen  gas.  The  gas  must  not  trouble  lime-water,  nor  solution 
of  nitrate  of  silver  when  transmitted  through  these  fluids. 

4.  Soda-lime. 

JPreparation, — Take  ordinaiy  solution  of  soda,  ascertain  its  specific 
g^vity,  weigh  out  a  certain  quantity,  calculate  by  means  of  the  table, 
§  206,  the  weight  of  the  hydrate  of  soda  tliat  must  be  pi*eseut,  add  twice 
this  latter  weight  of  the  best  quick-lime,  and  then  evaporate  to  dryness 
in  an  iron  vessel.  Heat  the  residue  in  an  iron  or  Hessian  crucible,  keep 
for  some  time  at  a  low  red  heat,  and  reduce  the  mass,  whilst  still  warm, 
to  a  tolerably  fine  powder,  by  pounding  and  sifting  through  a  metallic 
sieve.     Keep  the  powder  in  a  well-stoppered  bottle. 

Tests. — Soda-lime  must  not  eftervesce  too  much  when  treated  with 
dilute  hydrochloric  acid  in  excess ;  but,  more  particularly,  it  must  not 
evolve  ammonia  when  mixed  with  pure  sugar,  and  heated  to  redness. 
It  must  not  swell  and  fuse  so  readily  as  to  obstruct  the  bore  of  a  tube 
when  heated  to  low  redness,  nor  must  it  remain  infusible  and  but 
loosely  coherent  after  exposure  to  a  bright  red-heat.  The  former  diffi- 
culty may  be  remedied  by  mixture  with  diy  slaked  lime,  the  latter  by 
mixing  with  a  portion  of  insufficiently  ignited  sod«rlime  kept  in  reserve 
for  this  purpose. 

Uses, — Soda-lime  serves  for  the  analysis  of  nitrogenous  organic  sub- 
stances. For  the  rationale  of  its  action,  see  the  chapter  on  Organic 
Analysis. 
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5.  METALLIC   COPPEB. 

Metsillic  copper  serves,  in  the  analysis  of  nitrogenous  siibstances,  to 
efiect  the  reduction  of  the  nitric  oxide  gas  that  may  form  in  the  course 
of  the  analytical  process. 

It  is  used  either  in  the  form  of  turnings,  or  in  that  of  close  wire  spiriils ; 
or  of  small  rolls  made  of  thin  sheet  copper.  A  length  of  from  7  to  10 
centimetres  is  given  to  the  spirals  or  rolls,  and  just  sufficient  thickness 
to  admit  of  their  being  inserted  into  the  combustion  tube.  To  have  it 
perfectly  free  from  dust,  oxide,  <&c.,  it  is  first  heated  to  I'edness  in  the 
open  air,  in  a  crucible,  until  the  surface  is  oxidized  ;  it  is  then  put  into 
a  glass  or  porcelain  tube,  through  which  an  uninteri-upted  current  of 
dry  hydrogen  gas  is  transmitted ;  and  when  all  atmospheric  air  has  been 
expelled  from  the  evolution  apparatus  and  the  tube,  the  latter  is  in  its 
whole  length  heated  to  redness.  The  operator  should  make  sure  that 
the  atmos])herLC  air  has  been  thoroughly  expelled,  before  he  proceeds 
to  apply  heat  to  the  tube ;  neglect  of  this  precaution  may  lead  to  an 
explosion* 

6.  POTASSA. 

a.  Solution  of  Potassa. 

Solution  of  potassa  is  prepared  from  the  carbonate,  with  the  aid  of 
milk  of  lime,  in  the  way  described  in  the  "  Qualitative  Analysis,"  for 
the  preparation  of  solution  of  soda.  The  proportions  are — 1  part  of 
carbonate  of  potassa  to  12  parts  of  water,  and  |  part  of  lime,  slaked  to 
paste  with  three  times  the  quantity  of  warm  water. 

The  decanted  clear  solution  is  evaporated,  in  an  iron  vessel,  over  a 
strong  fire,  until  it  ha3  a  specific  gravity  of  1*27  ;  it  is  then,  whilst  still 
warm,  poured  into  a  bottle,  which  is  well  closed,  and  allowed  to  stand 
at  rest  until  all  solid  particles  have  subsided.  The  clear  solution  is 
finally  drawn  off  from  the  deposit,  and  kept  for  use. 

h.  Hydrate  of  Potassa  (common). 

The  commercial  hydrate  of  potassa  in  sticks  will  answer  the  purpose. 
If  you  wish  to  prepare  it,  evaporate  solution  of  potassa  (a)  in  a  silver 
vessel,  over  a  strong  fire,  tmtil  the  residuary  hydrate  flows  like  oil,  and 
white  fumes  begin  to  rise  from  the  surface.  Pour  the  fused  mass  out 
on  a  clean  iron  plate,  and  break  it  up  into  small  pieces.  Keep  in  a 
"wellHstoppered  bottle  for  use. 

c.  HydralG  of  Potassa  (purified  with  alcohol),  see  "  Qual.  Anal.*' 
p.  43. 

Uses, — Solution  of  potassa  serves  for  the  absorption,  and  at  the  same 
time  for  the  estimation  of  carbonic  acid.  In  many  cases,  a  tube  filled 
with  hydrate  of  potassa  is  used,  in  addition  to  the  apparatus  filled  with 
Bolution.  of  potassa.  Hydrate  of  potcussa  purified  with  alcohol,  which 
is  perfectly  fr^e  from  sulphate  of  potassa,  is  employed  for  the  determi- 
DBtif  01  of  sulphur  in  organic  substances. 

7.  CmoBiDE  OF  Calcium. 

a.   Crude  fused  Chloride  of  CalcUun. 
PttparaJlMn. — Digest^  with  warm  water,  the  residuary  mixture  of 
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cMoride  of  calcium  and  lime  wliich  remains  after  the  preparation  of 
ammonia ;  filter,  neutralize  the  alkaline  filtrate  exactly  with  hydrochlo> 
ric  acid,  and  evaporate  to  dryness  in  an  iron  pan ;  ^ise  the  residue  in 
an  iron  or  Hessian  crucible,  pour  out  the  fused  mass,  and  break  into 
pieces.     Preserve  it  in  well-stoppered  bottles. 

6.  Pv/rt  Chloride  of  Calcvwrn, 

JPreparcUion. — Dissolve  the  crude  chloride  of  calcium  of  a  in  lime- 
water,  filter  the  solution,  and  neutralize  exactly  with  hydrochloric  acid  ; 
evaporate,  in  a  porcelain  dish,  to  dryness,  and  expose  the  residue  for 
several  hours  to  a  tolerably  strong  heat  (about  200^),  on  the  sand-bath. 
The  white  and  porous  mass  obtained  by  this  process  consists  of  Ca  01 
+  2  aq. 

Uses. — The  crude  fused  chloride  of  calcium  serves  to  dry  moist 
gases ;  the  pure  chloride  is  used  in  elementary  organic  analysis  for  the 
absorption  and  estimation  of  the  water  formed  by  the  hydrogen  con- 
tained in  the  analyzed  substance.  The  solution  of  the  pure  chloride  of 
calcium  must  not  show  an  alkaline  reaction. 

8.   BiCHBOHATB  OF   PotASSA. 

Bichromate  of  potassa  of  commerce  is  purified  by  repeated  recrystal- 
lization,  until  chloride  of  barium  pro<luces,  in  the  solution  of  a  sample 
of  it  in  water,  a  precipitate  which  completely  dissolves  in  hydrochloric 
acid.  Bichromate  of  potassa  thus  perfectly  free  from  sulphuric  acid  ia 
required  more  particularly  for  the  oxidation  of  organic  substances  with 
a  view  to  the  estimation  of  the  sulphur  contained  in  them.  Where  the 
salt  is  intended  for  other  purposes,  0.ar.,  to  determine  the  carbon  of  or- 
ganic bodies,  by  heating  them  with  chromate  of  potassa  and  aulphxiria 
acid,  one  reciystallizatioii  is  sufficient. 


SECTION    III. 

FORMS  AND  COMBINATIONS  IN  WHICH  SUBSTANCES 
ARE  SEPARATED  FROM  EACH  OTHER,  OR  IN  WHICH 
THEIR  WEIGHT  15  DETERMINED. 

§67. 

Thb  qaantitatiTe  analysis  of  a  compound  substance  requires,  as  the  first 
and  most  indispensable  condition,  a  correct  and  accurate  knowledge  of 
the  composition  and  properties  of  the  new  combinations  into  which  it  is 
intended  to  convert  its  several  individual  constitiients,  for  the  purpose 
of  separating  them  from  one  another,  and  determining  their  seveitd 
weights.  Regarding  the  properties  of  the  new  compounds,  we  have  to 
inquire  more  particularly,  in  the  first  place,  how  they  behave  with  sol- 
vents ;  secondly,  what  is  their  deportment  in  the  air ;  and,  thirdly,  what 
is  their  behavior  on  ignition  ?  It  may  be  laid  down  as  a  general  rule, 
that  comjioimds  are  the  better  adapted  for  quantitative  determination 
the  more  insoluble  they  are,  and  the  less  alteration  they  undergo  upon 
exposure  to  air  or  to  a  high  temperature. 

The  composition  of  bodies  is  expressed  either  in  per-cents,  or  in  stoi- 
chiometiical  or  symbolic  formulse ;  by  means  of  the  latter,  the  consti- 
tution of  the  more  frequently  recurring  compounds  may  be  easily  re^ 
membered.  In  this  Section  the  composition  of  the  substances  treated 
of  is  given  in  three  different  ways,  in  as  many  columns :  the  first  column 
gives  the  composition  of  the  substance  in  symbols ;  the  second,  in  equi- 
valents (H  =  1)  ;  the  third,  in  per-cents.  With  respect  to  its  composi- 
tion, a  compound  is  the  better  adapted  for  the  quantitative  determina- 
tion of  a  body  the  less  it  contains  relatively  of  that  body ;  since  any  error 
or  loss  of  substance  that  may  occur  in  the  course  of  the  analytical  pro- 
cess will  exercise  the  less  influence  upon  the  accuracy  of  the  results. 
Thus,  ammonio-bichloride  of  platinum,  for  instance,  is,  in  this  respect, 
better  adapted  than  chloride  of  ammonium  for  the  determination  of 
nitrogen;  since  the  former  contains  only  6*27  per  cent.,  while  the  latter 
contains  26.2  per  cent,  of  the  element  in  question. 

Suppose  we  have  to  analyze  a  nitrogenous  substance ; — we  estimate  its 
nitrogen  in  the  form  of  bichloride  of  platinum  and  chloride  of  ammonium. 
When  the  process  is  conducted  with  absolute  accuracy,  0*300  grm.  of 
the  analyzed  body  yields  TOOO  grm.  of  ammonio-bichloride  of  platinum: 
100  parts  of  this  double  chloride  contain  6*27  parts  of  nitrogen,  TOOO 
contains  therefore  0*0627  of  that  element.  These  0*0627  have  been  de- 
rived from  0*300  of  substance;  100  parts  of  the  analyzed  body,  conse- 
quently, contain  20*90  of  nitrogen. 

We  now  make  a  second  analysis,  in  which  we  convert  the  nitrogen  of 
the  substance  to  be  analyzed  into  chloride  of  ammonium,  instead  of 
bichloride  of  platinum  and  chloride  of  ammonium:  we  again  con* 
duct  :ho  process  with  absolute  accuracy,  and  obtain  from  0*300  of  th« 
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Bubstanoe  under  examination,  0*2394  of  chloride  of  ammonium,  coit» 
sponding  to  0*0627  of  nitrogen,  or  20*90  per  cent. 

Now,  let  us  assume  a  loss  of  10  milligrammes  to  have  occurred  in 
each  process: — ^this  will  alter  the  result,  in  the  first  instance,  from  1*000 
to  0*990  of  bichloride  of  platinum  and  chloride  of  ammonium,  corre- 
sponding to  0*062073  of  nitrogen,  or  20*69  per  cent.;  the  loss  of  nitrogec 
will  therefore  be  20*90--  20-69=0*21. 

In  the  second  instance  the  result  will  be  altered  from  0*2394  to  0*2294 
of  chloride  of  ammonium,  corresponding  to  0*0601  of  nitrogen,  or  20.03 
per  cent.     The  loss  in  this  case  will  consequently  amount  to  0*87. 

We  see  here  that  the  same  error  occasions,  in  the  one  case,  a  loss  of 
0*21  per  cent.,  with  respect  to  the  amount  of  nitrogen;  whilst,  in  the 
other  case,  the  loss  amounts  to  0*87  per  cent. 

We  will  now  proceed  to  enumerate  and  examine  those  combinations 
of  the  several  bodies  which  ai*e  best  adapted  for  their  quantitative 
determination.  The  description  given  of  the  external  form  and  appear- 
anoe  of  the  new  compounds  i-elates  more  particularly  to  the  state  in 
which  they  are  obtained  in  our  analyses.  With  regard  to  the  proper- 
ties of  the  new  compounds,  we  shall  confine  ourselves  to  the  enumei'ation 
of  those  which  bear  upon  the  special  object  we  have  more  immediately 
in  view. 

A. — ^FOBMS   IN  WHICH  THE   BASES  ARE  WEIGHED  OR   PRSCIPITATED. 

BABES  OF  THE  FIRST   GROUP. 

§68. 

1.  PoTASsA  (or  Potash). 
The  combinations  best  suited  for  the  weighing  of  potassa  are,  bitl- 

PHATB   OF   POTABSA,    CHLORIDE    OF   POTASSIUM,  BICHLORIDE    OF    PLATIinTM 

AND  CHLORIDE  OF  POTASSIUM  (Potassio-Bichloridc  of  Platinum). 

a.  SulpkeUe  of  potassa^  in  the  analytical  process,  is  obtained  as  a 
white  crystalline  mass.  It  dissolves  with  some  diiSiculty  in  water  (1 
part  requiring  10  parts  of  water  of  1 2"^),  it  is  almost  absolutely  insoluble 
in  pure  alcohol,  but  slightly  more  soluble  in  alcohol  containing  sulphuiic 
acid  (Expt.  No.  6).  It  does  not  affect  vegetable  colors ;  it  is  unalter* 
able  in  the  air.  The  crystals  decrepitate  strongly  when  heated.  When 
very  strongly  ignited  for  a  long  time  the  salt  loses  weight  a  little,  even 
when  reducing  gases  are  oxcluded, — the  residno  possesses  an  alkaline  re- 
action. When  exposed  to  a  red  heat,  in  conjunction  witli  chloride  of 
ammonium,  sulphate  of  potassa  is  partly,  and,  upon  repeated  application 
of  the  process,  wholly,  convoluted,  with  effervescence,  into  chloride  of 
potassium  (H.  Rose). 

COMPOSITION. 

KO 47-11  54-08 

SO, 40-00  45-92 


87-11  100-00 

Bisulphate  of  potassa  (K  O,  S  O3+H  O,  S  O,),  which  is  always  pro- 
duced when  the  neutral  salt  is  evaporated  to  dryness  with  free  sulphurio 
acid,  is  readily  soluble  in  water,  and  fusible  even  at  a  moderate  heat.  At 
a  red  heat  it  loses  half  its  siilphuric  acid,  together  with  the  basic  water^ 
but  not  readily — the  complete  conversion  of  the  acid  into  the  neutraJ 
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salt  lequiiing  the  long-continued  application  of  an  intense  red  heat. 
Howtiver,  when  heated  in  an  atmosphere  of  carbonate  of  ammouiar— 
which  may  be  readily  procured  by  repeatedly  thi-owing  into  the  faint 
red-hot  crucible  containing  the  bisulphate,  small  lumps  of  pui^  carbonate 
of  ammonia,  and  putting  on  the  lid — the  acid  salt  changes  leadily  and 
quickly  to  the  neutral  sulphate.  The  transformation  may  be  considered 
complete  as  soon  as  the  salt,  which  was  so  readily  fusible  before,  assumes 
the  solid  state,  at  a  faint  red  heat. 

6.  OfUoride  ofpoUunurn  is  obtained  in  analysis  as  cubic  cryntals,  or  as 
a  crystalline  mass.  It  is  readily  soluble  in  water,  but  much  le»8  so  in 
dilute  hydrochloric  acid ;  in  absolute  alcohol  it  is  nearly  insoluble,  and 
Imt  slightly  soluble  in  spirit  of  wine.  It  does  not  affect  vegetable  colors, 
and  is  unalterable  in  the  air.  When  heated  it  deci*epitates,  unless  it  has 
been  kept  long  drying,  with  expulsion  of  a  little  water  mechanically  con- 
fined in  it.  At  a  moderate  red  heat  it  fuses  unaltered,  and  without 
diminution  of  weight ;  when  exposed  to  a  higher  temperature,  it  volatilizes 
in  white  fumes ;  this  volatilization  proceeds  the  more  slowly,  the  more 
effectually  the  access  of  air  is  prevented  (Expt.  No.  7).  When  repeat- 
edly evi^rated  with  solution  of  oxalic  acid  in  excess,  it  is  converted  in- 
to oxalate  of  potassa.  When  evaporated  with  excess  of  nitric  acid,  it  is 
converted  readily  and  completely  into  nitrate.  On  ignition  with  oxalate 
of  ammonia,  carbonate  of  potassa  and  cyanide  of  potassium  are  formed  in 
noticeable  quantities. 


K 

39-11 

52-45 

a 

35-46 

47-55 

74-57  100-00 

c,  SichUynde  of  platinum  and  chloride  of  potassium  (Potassio-bichlo- 
ride  of  Platinum)  presents  either  small  reddish-yellow  octahedra,  or  a 
lemon-colored  powder.  It  is  difficultly  soluble  in  cold,  more  readily  in 
hot  water ;  nearly  insoluble  in  absolute  alcohol,  and  but  sparingly  sol- 
uble in  spirit  of  wine — one  part  requiring  for  its  solution,  respectively, 
12083  parts  of  absolute  alcohol,  3775  i>arts  of  spirit  of  wine  of  70  per  cent. 
and  1053  parts  of  spirit  of  wine  of  55  per  cent.  (Expt.  No.  8,  a). 
Presence  of  free  hydrochloric  acid  sensibly  increases  the  solubility 
(Expt.  No.  8,  6).  In  caustic  potassa  it  dissolves  completely  to  a  yellow 
fluid.  It  is  unalterable  in  the  air,  and  at  100°.  On  exposure  to  an  in- 
tense red  heat,  2  eq.  of  chlorine  escape,  metallic  platinum  and  chloride 
of  potassium  being  left;  but  even  after  long-continued  fusion,  there 
remains  always  a  little  potassio-bichloride  of  platinum  which  resists 
decomposition.  Complete  decomposition  is  easily  effected,  by  igniting 
the  double  salt  in  a  current  of  hydrogen  gas,  or  with  some  oxalic  acid. 

K 39-11      16-00       KCl 74-57     30-51 

Pt 98-94     40-48       Pt  CI, 169-86      69-49 

a, 106-38     43-52 


244-43    100-00  244-43    100-00 

§69. 
2.  Soda. 
Soda  18  usually  weighed  as  sulphate  of  soda,  chloride  of  sodiuM| 
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or  CARBONATE  OF  80PA.     It  is  Separated  from  potassa  in  the  form  of 

BODIO-BICHLORIDE  OF  PLATINUM. 

a.  The  anhydrous  neutral  sulpIhcUe  of  soda  is  a  white  }>owder  or  f» 
white  very  friable  mass.  It  dissolves  readily  in  water ;  but  is  spaiingly 
soluble  in  absolute  alcohol;  presence  of  free  sulphuric  acid  slightly  in- 
creases its  solubility  in  that  menstruum ;  it  is  somewhat  more  readily 
soluble  in  spirit  of  wine  (£xpt.  No.  9).  It  does  not  aiiect  vegetable 
colors ;  upon  exposure  to  moist  air,  it  slowly  absorbs  water  (Expt.  Na 
10).  When  heated  to  fusion,  it  scarcely  loses  weight,  but  when  exposed 
to  a  white  heat  for  a  long  time,  it  decidedly  loses  weight,  even  when 
reducing  gases  are  excluded ;  the  residue  then  shows  a  slight  alkaline 
reaction.  When  ignited  with  chloride  of  ammonium,  it  comports  itself 
the  same  as  sulphate  of  potajssa  under  similar  circumstances. 

Na  0 31  43-66 

SO, 40  56-34 


71  100-00 

Bisulphate  of  soda  (Na  O,  S  O,  +  H  O,  S  O3),  which  is  always  pro- 
duced upon  the  evaporation  of  a  solution  of  the  neutral  salt  with  sul- 
phuric acid  in  excess,  fuses  even  at  a  gentle  heat ;  it  may  be  readily 
converted  into  the  neutral  salt,  in  the  same  manner  as  the  bisulphate 
of  potassa  is  converted  into  the  neutral  sulphate  (see  §  QSy  a). 

6.  CJdoride  of  sodium  crystallizes  in  cubes.  In  analysis  it  is  fre- 
quently obtained  as  an  amorphous  mass.  It  dissolves  readily  in  water, 
but  is  much  less  soluble  in  hydrochloric  acid ;  it  is  nearly  insoluble  in  ab- 
solute alcohol,  and  but  sparingly  soluble  in  spirit  of  wine.  100  parts 
of  spiiit  of  wine  of  75  per  cent,  dissolve  at  a  temperature  of  15°,  0*7 
part.  It  is  neutral  to  vegetable  colors.  Exposed  to  a  somewhat  moist 
atmosphere,  it  slowly  absorbs  water  (Expt.  No.  12).  Crystals  of  this 
salt  that  have  not  been  kept  drying  a  considerable  time  decrepitate 
when  heated.  The  salt  fuses  at  a  i-ed  heat  without  decomposition ;  at 
a  white  heat,  and  in  open  vessels  even  at  a  bright  red  heat,  it  volati- 
lizes in  white  fumes  (Expt.  No.  13).  If  a  carburetted  hydrogen  flame 
acts  on  fusing  chloride  of  sodium,  hydrochloric  acid  escapes,  and  some 
carbonate  of  soda  is  formed.  On  evaporation  with  oxalic  or  nitric  acids, 
as  well  as  by  ignition  with  oxalate  of  ammonia,  it  comi>ort8  itself  like 
the  corresponding  salt  of  potassa. 

Na 2300  39-34 

01 35-46  60-66 


68-46  100-00 

c.  Anhydrous  carbonate  of  soda  is  a  white  powder  or  a  white  Terj 
friable  mass.  It  dissolves  readily  in  water,  but  much  less  so  in  solu- 
tion of  ammonia  (Marqueritte)  ;  it  is  insoluble  in  alcohol.  Its  re* 
action  is  strongly  alkaline.  Exposed  to  the  air,  it  absorbs  water  slow- 
ly. On  moderate  ignition  to  incipient  fusion  it  scarcely  loses  wei^t ; 
on  long  fusion,  however,  it  volatilizes  to  a  considerable  extent  (Comp^ 
Bxpt.  14). 

NaO 31  68-49 

CO, 22  41-51 

63  100-00 
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d,  HodioAnctXoridc  of  pUuinum  crystallizes  with  6  equivalents  of 
water  (Na  CI,  Pt  Cl«  -f-  6  aq.),  in  light  yellow,  transparent,  prismatic 
crystals  which  dissolve  i-eadily  both  in  water  and  in  spirit  of  wine. 

§70, 
3.  Ahmokia. 
Ammonia  is  most  appropriately  weighed  as  chlobide  op  ai^monium, 

or  as  BICHLORIDE  OF   PLATljffUM  AND   CHLOBIDE   OF   AMMONIUM  (animonio- 

bichloride  of  platinum). 

Under  certain  circumstances,  ammonia  may  also  be  estimated  from 
the  volume  of  the  nitrogen  gas  eliminated  from  it. 

a.  CJdoride  of  ammoniuTn  is  obtained  in  analysis  as  a  white  mass. 
It  dissolves  readily  in  water,  but  difficultly  in  spirit  of  wine.  It  does 
not  alter  vegetable  colors,  and  remains  unaltered  in  the  air.  Solution 
of  chloride  of  ammonium,  when  evaporated  on  the  water-bath,  loses  a 
small  quantity  of  ammonia,  and  becomes  slightly  acid.  The  diminu- 
tion of  weight  occasioned  by  this  loss  of  ammonia  is  very  trifling 
(Expt.  No.  15).  At  100^  chloride  of  ammonium  loses  nothing,  or  very 
little  of  its  weight  (comp.  same  Expt).  At  a  higher  temperature  it  vo- 
latilizes readily,  and  without  undergoing  decomposition. 


NH, 18-00     33-67 

CI 35-46     66-33 


NH, 17-00     31-80 

H  CI 36-46     68-20 


53-46    100-00 


53-46  100-00 


6.  I^icld&tide  of  platinum  and  cMorvle  of  ammonium  (ammonio- 
bichloride  of  platinum)  occurs  either  as  a  heavy  lemon-colored  powder, 
or  in  small,  hard  octahedral  crystals  of  a  bright  yellow  color.  It  is  dif- 
ficultly soluble  in  cold,  but  more  readily  in  hot  water.  It  is  very  sjmr- 
ingly  soluble  in  absolute  alcohol,  but  more  readily  in  spirit  of  wine — 
1  pai-t  requiring  of  absolute  alcohol,  26535  parts  ;  of  spirit  of  wine  of 
76  per  cent.,  1406  parts  ;  of  spirit  of  wine  of  55  per  cent.,  665  parts. 
The  presence  of  free  acid  sensibly  increases  its  solubility  (Expt.  No. 
16).  It  remains  unaltered  in  the  air,  and  at  100^.  Ui)on  ignition  chlo- 
rine and  chloride  of  ammonium  escape,  leaving  the  metallic  platinum  sa  a 
porous  mass  (spongy  platinum).  However,  if  due  care  be  not  taken  in 
this  process  to  apply  the  heat  gradually,  the  escaping  fumes  will  carry 
off  particles  of  platinum,  which  wiU  coat  the  lid  of  the  crucible. 


NH,... 

Pt 

CI. 

18-00 

98-94 

106-38 

8-06 
44-30 
47-64 

NH3.. 
HCl., 
PtCl,. 

N 

Xl^  •  •  .  • 

Pt . . . . 

Clg  •  •  •  • 

1700 

36-46 

169-86 

7-61 
16-33 
76-06 

Ftcag.. 

223-32 

53-46 
169-86 

100-00 

23-94 
76-06 

223-32 

14-00 

4-00 

98-94 

106-38 

100-00 

6-27 

1-79 

44-30 

47-64 

223-32 


100-00 


223-32        100-00 
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e.  NiUrogen  gas  is  colorless,  tasteless,  and  inodorous  ;  it  mixes  witli 
cdr  without  producing  the  slightest  coloration  ;  it  does  not  atiect  vcge 
table  colors.  Its  specific  gravity  is  0'96978  (air=  1).  One  litre  (ous 
cubic  decimeter)  weighs  at  0°,  and  0*7 6  meter  of  the  barometer, 
1*25456  grm.  It  is  difficultly  soluble  in  water,  1  volume  of  water  al»- 
sorbing,  at  0"*,  and  0*76  pressure,  0-02036  vol. ;  at  10°,  0-01G07  vol.  \ 
at  15%  0*01478  vol.  of  nitrogen  gas  (Buksen). 

BASES  OF  THE   SECOND   GROUP. 

§  71. 

1.  Baryta. 
Baryta  is  weighed  as  sulphate  of  baryta,  carbonate  of  baryta,  nnd 

8ILIC0-FLU0RIDE  OF  BARIUM. 

a.  Artificially  prepared  stdpIuUe  of  baryta  presents  the  appearance  of 
a  fine  white  powder.  When  recently  precipitated,  it  is  diJOHcult  to  ob- 
tain a  clear  filtrate,  especially  if  the  precipitation  was  efi*ected  without 
the  aid  of  heat,  and  the  solution  contains  neither  hydrochloric  acid  nor 
chloride  of  ammonium.  It  is  insoluble  in  cold  and  in  hot  water.  It 
has  a  great  tendency,  upon  precipitation,  to  carry  down  with  it  other 
substances  contained  in  the  solution  from  which  it  separates,  more  par- 
ticularly nitrate  of  baryta,  chloride  of  barium,  sesquioxide  of  iron,  <kc. 
These  substances  can  generally  be  completely  removed  only  after  igni- 
tion, by  washing  with  appropriate  solvents.  Even  the  precipitate  ob- 
tained from  a  solution  of  chloride  of  barium  by  means  of  sulphuric  acid 
in  excess  contains  traces  of  chloride  of  barium,  which  it  is  impossible  to 
remove,  even  by  washing  with  boiling  water,  but  which  are  dissolved 
by  nitric  acid  (Sibgle).  Cold  dilute  acids  dissolve  trifling,  yet  appre- 
ciable traces  of  sulphate  of  baryta  ;  for  instance,  1000  parts  of  nitric 
acid  of  1*032  sp.  gr.  dissolve  0*062  parts  of  Ba  O,  S  O3.  Cold  concentrar 
ted  acids  dissolve  considerably  more  ;  thus,  1000  parts  of  nitiic  acid  of 
1*167  sp.  gr.  dissolve  2  parts  of  Ba  O,  S  O3  (Calvert).  Boiling  hydro- 
chloric acid  also  dissolves  appreciable  traces  ;  thus  230  c.  c,  of  hydro 
chloric  acid  of  1*02  sp.  gr.  were  found,  after  a  quarter  of  an  hour's  boil 
ing  with  0*679  grm.  of  sulphate  of  baryta,  to  have  dissolved  of  it  0*048 
grm.  Acetic  acid  dissolves  less  suljjliate  of  baryta  than  the  other  acids ; 
thus,  80  c.  c.  of  acetic  acid  of  1*02  sp.  gr.  were  found,  after  a  quai*ter  ol 
an  hour's  boiling  with  0*4  grm.  of  BaOySOa,  to  have  dissolved  only  0*002 
grm.  (Siegle).  Free  chlorine  considerably  increases  the  solubility  of 
sulphate  of  baryta  (O.  L.  Ekdhann).  Several  salts  more  particularly 
interfere  with  the  precipitation  of  baryta  by  sulphuric  acid.  I  observed 
this  some  time  ago  with  chloride  of  magnesium,  but  nitrate  of  ammonia 
(MiTTENTZWEr)  and  alkaline  citrates  (Spiller)  possess  this  property  in 
a  high  degree.  In  the  last  case  the  precipitate  appears  on  the  addition 
of  hydrochloric  acid.  If  a  fluid  contains  metaphosphoric  acid,  baryta 
cannot  be  completely  precipitated  out  of  it  by  means  of  sulphuric  acid  ; 
the  resulting  precipitate  too  is  not  pure,  but  contains  phosphoric  acid 
(ScHEERER,  Rube).  Sulphate  of  baryta  remains  quite  unaltered  in  the 
air  at  100°,  and  even  at  a  red  heat.  On  ignition  with  charcoal,  or  un- 
der the  influence  of  reducing  gases,  it  is  converted  comparatively  easily, 
but  as  a  rule  only  partially,  into  sulphide  of  barium.  On  ignition  wiU) 
chloride  of  ammonium,  sulphate  of  baryta  undergoes  partial  dcconipo 
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Bition.  It  is  not  affected,  or  affected  but  vf  ry  slightly,  by  cold  solu- 
tdons  of  alkaline  bicarbonates  or  of  carbonate  of  ammonia  ;  solutions  of 
the  monoc^o-bonates  of  the  fixed  alkalies  when  cold  have  only  a  slight 
decomposing  action  upon  it ;  but  when  boiling,  and  upon  repeated  ap- 
plication, they  effect  at  last  the  complete  decomposition  of  the  salt  (H. 
Rose).  By  fusion  with  alkaline  carbonates,  sulphate  of  baryta  is  readily 
Heoomposed. 

Ba  O 76-5  65-67 

SO3 40-0  34-33 

116-5  100-00 

6.  Artificially  pi^pared  carboncUe  of  baryta  is  a  white  powder.  It 
dissolves  in  14137  parts  of  cold,  and  in  15421  parts  of  boiling  water 
(Expt.  No.  17).  It  dissolves  far  more  readily  in  solutions  of  chloride 
of  ammpnium  or  nitrate  of  ammonia ;  from  these  solutions  it  is,  how- 
ever, precipitated  again,  though  not  completely,  by  caustic  ammonia. 
In  water  containing  free  carbonic  acid,  carbonate  of  baryta  dissolves  to 
bicarbonate.  In  water  containing  ammonia  and  carbonate  of  ammonia,  it 
is  nearly  insoluble,  one  part  requiring  about  141000  parts  (Expt.  No.  18). 

Its  solution  in  water  has  a  very  faint  alkaline  reaction.  Alkaline 
citrates  and  metaphosphates  impede  the  precipitation  of  baryta  by  car- 
bonate of  ammonia.  It  is  unalterable  in  the  air,  and  at  a  red  heat. 
When  exposed  to  the  strongest  heat  of  a  blast-furnace,  it  slowly  yields 
up  the  whole  of  its  caibonic  acid ;  this  expulsion  of  the  carbonic  aci(l  is 
promoted  by  the  simultaneous  action  of  aqueous  vapor.  Upon  heating 
it  to  redness  with  charcoal,  caustic  baryta  is  formed,  with  evolution  of 
carbonic  oxide  gas. 

BaO 76-5  77-67 

CO, 22-0  22-33 

98-6  100-00 

e.  SUicchfluoride  of  barium  forms  small,  hard,  and  colorless  crystiils, 
or  (more  generally)  a  crystalline  powder.  It  dissolves  in  3800  parts 
of  cold  water;  iii  hot  water  it  is  more  readily  soluble  (Expt.  No.  19). 
The  presence  of  free  hydrochloric  acid  increases  its  solubility  considera- 
bly (Expt.  No.  20).  Chloride  of  ammonium  acts  also  in  the  same  way 
(1  part  silico-fluoride  of  barium  dissolves  in  428  parts  of  saturated,  and 
589  parts  of  dilute  solution  of  chloride  of  ammonium.  J.  W.  Mallkt). 
In  spirit  of  wine  it  is  almost  insoluble.  It  is  unalterable  in  the  aii",  and 
at  lOO"" ;  when  ignited,  it  is  decomposed  into  fluoride  of  silicon,  which 
escapes,  and  fluoride  of  barium,  which  remains. 

Ba  Fl 87-5        62-72  Ba. 68-5        49*10 

Si  FL 52-0        37-28  Si 14-0        10-04 

Fl, 57-0        40-86 

139-6      100-00  139-6      10000 

§72. 
2.  Stbontia. 
Strontia  is  weighed  either  as  sulphate  op  stbontia,  or  as  carbonati 
mw  8TKONTIA. 
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o.  Sulphate  of  stratUia^  artificially  prepared,  is  a  white  powder.  It 
dissolves  in  6895  parts  of  cold,  and  9638  parts  of  boiling  water  (Expt.  No. 
21).  In  water  containing  sulphuric  acid,  it  is  still  more  difficultly  solu- 
ble, requiring  from  11000  to  12000  parts  (Expt.  No.  22).  Of  cold 
hydrochloric  acid  of  8*6  per  cent.,  it  requires  474  parts ;  of  cold  nitiie 
acid  of  4*8  per  cent.,  432  parts ;  of  cold  acetic  acid  of  15*6  per  cent,  of 

A,  HO,  as  much  as  7843  parts  (Expt.  No.  23).  It  dissolves  in  solution 
of  chloride  of  sodium,  but  is  precipitated  again  from  this  solution  by 
sulphuric  acid.  Metaphosphoric  acid  (Scheerer,  Kube),  and  also  alka- 
line citrates,  but  not  free  citric  acid  (Spiller),  impede  the  precipitation 
of  strontia  by  sulphuric  acid.  It  is  nearly  insoluble  both  in  absolute 
alcohol  and  in  spirit  of  wine.  It  does  not  alter  vegetable  colors ;  and 
remains  unaltered  in  the  air,  and  at  a  red  heat.  When  exposed  to  a 
most  intense  red  heat,  it  fuses  without  undergoing  decomposition. 
When  ignited  with  charcoal,  or  under  the  influence  of  reducing  gases,  it 
is  converticd  into  sulphide  of  strontium.  The  solutions  of  carbonates 
and  bicarbonates  of  potassa,  soda,  and  ammonia  decompose  sulphate  of 
strontia  completely  at  the  common  temperature,  even  when  considerable 
quantities  of  alkaline  sulphates  are  present  (H.  Bose).  Boiling  pro- 
motes the  decomposition. 

SrO 61*75  56*40 

8  0, 40*00  43*60 


91*75  100*00 

b,  CarhoncUe  of  strontia,  artificially  prepared,  is  a  white,  light,  loose 
powder.  It  dissolves,  at  the  common  temperature,  in  18045  parts  of 
water  (Expt.  No.  24).  Presence  of  anunonia  diminishes  its  solubility 
(Expt.  No,  25).  It  dissolves  pretty  readily  in  solutions  of  chloride  of 
ammonium  and  of  nitrate  of  ammonia,  but  is  precipitated  again  from 
these  solutions  by  ammonia  and  carbonate  of  ammonia,  and  more  com- 
pletely than  carbonate  of  baryta  under  similar  circumstances.  Water 
impregnated  with  carbonic  acid  dissolves  it  as  bicarbonate.  Its  reaction 
is  very  feebly  alkaline.  Alkaline  citrates  and  metaphosphates  impede 
the  precipitation  of  strontia  by  alkaline  carbonates.  Ignited  with  access 
of  air  it  is  infusUble,  but  when  exposed  to  a  most  intense  heat,  it  fuses, 
and  gradually  loses  its  cai-bonic  acid.  On  ignition  with  charcoal,  caustic 
strontia  is  formed,  with  evolution  of  carbonic  oxide  gas. 

SrO 61*75  70*17 

CO, 22*00  29*83 


73*75  100-00 

§73. 

3.  Lime. 

lime  is  weighed  either  as  sulphate  of  lime,  or  as  cabboxate  of  liub  ; 
to  convert  it  into  the  latter  form,  it  is  first  usually  precipitated  as  oxa- 
late of  lime.  * 

a.  Artificially  prepared  anhydrous  sulphate  of  Ivnie  is  a  loose,  white 
power.  It  dissolves,  at  the  common  temperatiure,  in  430  parts,  at  100^, 
in  460  parts  of  water  (Poooiale).    Presence  of  hydrochloric  add,  nitric 
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add,  chloride  of  ammonium,  sulphate  of  soda,  and  chloride  of  sodium, 
increases  its  solubility.  It  dissolves  with  comparative  ease,  especially 
on  gently  warming,  in  aqueous  solution  of  hyposulphite  of  soda  (Diehl). 
The  aqueous  solution  of  sulphate  of  lime  does  not  alter  vegetable  coloi*s. 
In  alcohol  and  in  spirit  of  wine  of  90  per  cent,  it  is  almost  absolutely 
insoluble.  £xposed  to  the  air,  it  slowly  absorbs  water.  It  remains  un- 
altered at  a  dull  red  heat.  Heated  to  intense  bright  redness,  it  fuset 
without  undergoing  decomposition.  At  a  white  heat  it  loses  sulphuric 
aoid  and  its  weight  is  considerably  diminished — the  residue  has  an  alka- 
line reaction  (Al.  Mitscuerlich  *).  On  ignition  with  charcoal  or  under 
the  influence  of  reducing  gases  it  is  converted  into  sulpliide  of  calciunu 
Solutions  of  alkaline  cai'bonates  and  bicarbonates  decom[K)se  sulphate  of 
lime  more  readily  stUl  than  sulphate  of  strontia. 

CaO 38  4M8 

SO, 40  58-82 


68  100-00 

b*  Artificially  prepared  carbonate  of  lime  is  a  fine  white  powder.  It 
dissolves  in  lOGOl  parts  of  cold,  and  in  8834  parts  of  boiling  water 
(Eiqpt.  No.  26).  The  solution  has  a  barely  perceptible  alkaline  reaction. 
In  water  containing  ammonia  and  carbonate  of  ammonia,  it  dissolves 
much  more  sparingly,  one  part  of  the  salt  requiring  about  65000  parts 
(Expt.  No.  27) ;  this  solution  is  not  precipitated  by  oxalate  of  ammonia. 
Presence  of  chloride  of  ammonium  and  of  nitrate  of  ammonia  increases 
the  solubility  of  carbonate  of  lime ;  but  the  salt  is  precipitated  again 
from  these  solutions  by  ammonia  and  carbonate  of  ammonia,  and  more 
completely  than  carbonate  of  baryta  under  similar  circumstances. 
Neutral  salts  of  potassa  and  soda  likewise  increase  its  solubility.  The 
precipitation  of  Ume  by  alkaline  carbonate  is  completely  prevented  or 
considerably  interfered  with  by  the  presence  of  alkaline  citrates  (Spil- 
lbr)  or  metaphosphates  (Bube).  Water  impregnated  with  carbonic 
acid  dissolves  carbonate  of  lime  as  bicarbonate.  Carbonate  of  lime  re- 
mains  unaltered  in  the  air,  at  100^,  and  even  at  a  low  red  heat ;  but 
upon  the  application  of  a  stronger  heat,  more  particularly  with  free  ac- 
cess of  air,  it  gradually'  loses  its  carbonic  acid.  By  means  of  a  gas 
blowpipe-lamp,  carbonate  of  lime  (about  0*5  grm.),  in  an  open  platinum 
crucible,  is  without  difficulty  reduced  to  the  caustic  state  ;  attempts  to 
efifect  complete  reduction  over  a  spirit  lamp  with  double  draught  have, 
however,  Mled  (Expt.  No.  28).  It  is  decomposed  far  more  readily 
when  mixed  with  charcoal  and  heated  to  redness,  giving  off  its  car- 
bonic acid  in  the  form  of  carbonic  oxide. 

CaO 28  56-00 

COj 22  44-00 


50  100-00 

c  Oxalaie  of  limey  precipitated  from  hot  or  concentrated  solutions,  is 
a  fine  white  powder  consisting  of  extremely  minute  indistinct  crystals,  and 
almost  abeolatcly  insoluble  in  water.     If  the  oxalic  acid  is  held  to  be 
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bibasic,  the  salt  has  the  formula,  2  CaO,  C^O^  +  2  aq.  When  precipi- 
tated from  cold,  extremely  dilute  solutions,  the  salt  presents  a  more 
distinctly  crystalline  appearance,  and  con<4sts  of  a  mixture  of  2  GaO, 
C4  Oj  f  2  aq.  and  2  CaO,  C4  O,  -f  6  aq.  (Souchay  and  Lenssen). 
Presence  of  free  oxalic  acid  and  acetic  acid  slightly  increases  the  solu* 
bility  of  oxalate  of  lime.  The  stronger  acids  (hydrochloric  acid,  nitric 
acid)  dissolve  it  readily ;  from  these  solutions  it  is  precipitated  again, 
unaltered,  by  alkalies ;  and  also  (provided  the  excess  of  acid  be  not  too 
great)  by  alkaline  oxalates  or  alkaline  acetates  added  in  excess.  Oza 
late  of  lime  does  not  dissolve  in  solutions  of  chloride  of  potassium, 
chloride  of  sodium,  chloride  of  ammonium,  chloride  of  barium,  chloride 
of  calcium,  and  chloride  of  strontium,  even  though  these  solutions  be 
hot  and  concentrated ;  but,  on  the  other  hand,  it  dissolves  readily  and 
in  appreciable  quantities,  in  hot  solutions  of  the  salts  belonging  to  the 
magnesia  group.  From  these  solutions  it  is  i-eprecipitated  by  an  excet^R 
of  alkaline  oxalate  (Souchay  and  Lbnsssn).  Alkaline  citrates  (Spiller) 
and  metaphosphates  (Rube)  impede  the  precipitation  of  lime  by  alka- 
line oxalates.  When  treated  with  solutions  of  many  of  the  heavy  me- 
tals, e,g,y  -with  solution  of  chloride  of  copper,  nitrate  of  silver,  &c., 
oxalate  of  lime  suffers  decomposition,  a  soluble  salt  of  lime  being 
formed,  and  an  oxalate  of  the  heavy  metallic  oxide,  which  separates  imme- 
diately, or  after  some  time  (Reynoso).  Oxalate  of  lime  is  unalterable 
in  the  air,  and  at  100^.  Dried  at  the  latter  temperature,  it  has  inva- 
riably the  following  composition  (Expt.  No.  29,  and  also  Souchay  and 

T.BNSSEN  *) : 

2  CaO 56  38-36 

0,  Oe 72  49-32 

2aq 18  12-32 

146  100-00 

At  205^  oxalate  of  lime  loses  its  water,  without  undergoing  decom- 
position ;  at  a  somewhat  higher  temperature,  still  scarcely  reaching  duU 
redness,  the  anhydrous  salt  is  decomposed,  without  actual  separation  of 
carbon,  into  carbonic  oxide  and  carbonate  of  lime.  The  powder,  which 
was  previously  of  snowy  whiteness,  transiently  assumes  a  gray  color  in 
the  course  of  this  process,  even  though  the  oxalate  be  perfectly  pure. 
Upon  continued  application  of  heat,  this  gray  color  disappears  again. 
If  the  oxalate  of  lime  is  heated  in  small  coherent  fragments,  such  aa 
are  obtained  upon  drying  the  precipitated  salt  on  a  filter,  the  comr 
mencement  and  progress  of  the  decomposition  can  be  I'eadily  traced  by 
this  transient  appearance  of  gray.  If  the  process  of  heating  be  conducted 
properly,  the  residue  will  not  contain  a  trace  of  caustic  lime.  Hy- 
drated  oxalate  of  lime  exposed  suddenly  to  a  dull  red  heat,  is  decom- 
posed with  considerable  separation  of  carbon. 

§  74. 

4.   MA.GKESIA. 

Magnesia  is  weighed  as  suLPHAtE  of  uaomesia,  pteophosphatk  01. 

*  Aimal.  d«r  Ghent,  und  Ph  inn.,  100,  82S. 
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XAQKESiA,  or  PURE  ICAGNESIA.    To  convert  it  into  the  pjrophosj>liate,  it 
is  precipitated  as  phosphate  of  ammonia  and  magnesia. 

a.  Anhydrous  sulphate  of  magnesia  is  a  yrhitc  opaque  mass.  It  dLs 
solves  readily  in  water.  It  is  nearly  altogether  insoluble  in  absolute 
alcohol,  but  it  is  somewhat  soluble  in  spiiit  of  wine.  It  does  noi 
alter  vegetable  colors.  Exposed  to  the  air,  it  absorbs  water  rapidly. 
At  a  moderate  red  heat,  it  remains  unaltered ;  but  when  heated  to  in- 
tense redness,  it  undergoes  partial  decomposition,  losing  pai*t  of  its  acid, 
after  which  it  is  no  longer  perfectly  soluble  in  water.  By  means  of  a 
blast-lamp,  it  is  tolerably  easy  to  expel  the  whole  of  the  s\ilphuric  acid 
fix)m  small  quantities  of  sulphate  of  magnesia  (Expt.  No.  30).  Ignited 
with  chloride  of  ammonium,  sulphate  of  magnesia  is  not  decomposed. 

MgO 20  33-33 

SO3 40  66-67 


60  100-00 

5,  Phosphate  of  magnesia  and  ammonia  is  commonly  a  white  crystal* 
line  powder.  [Sometimes  it  appears  as  a  scaly  pi*ecipitate  with  pearly  lus- 
tre, sometimes  in  acicular  crystals.]  It  dissolves,  at  the  common  tem- 
perature, in  15293  parts  of  cold  water  (Expt.  No.  31).  In  water  con- 
taining ammonia,  it  is  much  more  insoluble— one  part  of  the  salt  re- 
quiring about  45000  parts  of  the  solvent  (Expt  No,  32).  Chloride  of 
ammonium  slightly  increases  its  solubility  (Expt.  Nos.  34  and  35). 
Presence  of  alkaline  phosphates  exercises  no  influence  in  this  respect. 
It  dissolves  readily  in  acids,  even  in  acetic  acid.  Its  composition  is  ex« 
pressed  by  the  formula 

2  Mg  O,  N  H4  O,  P  O5  +  12  aq. 

10  eq.  of  water  escape  at  100**,  the  remaining  2,  together  with  the 
ammonia,  at  a  red  heat,  leaving  2  Mg  O,  P  O^.  The  change  of  the  or- 
dinary phosphoric  to  pyrophosphoric  acid,  is  indicated  by  a  vivid  incan- 
descence of  the  whole  mass. 

If  phosphate  of  magnesia  and  ammonia  is  dissolved  in  dilute  hydro- 
chloric or  nitric  acid,  and  ammonia  be  then  added  to  the  solution,  the 
salt  is  reprccipitated  completely,  or  more  con-ectly,  only  so  much  remains 
in  solution  as  corresponds  to  its  ordinary  solubility  in  water  containing 
ammonia  and  ammoniacal  salt  (Expt.  No.  33). 

c.  Pyroplwspluite  of  magnesia  presents  the  appearance  of  a  white 
mass,  often  slightly  inclining  to  gi-ay.  It  is  barely  soluble  in  water,  but 
readily  so  in  hydrochloric  acid,  and  in  nitric  acid.  It  remains  \inal- 
tered  in  air,  and  at  a  red  heat ;  at  a  very  intense  heat  it  fuses  imaltered. 
Exposed  at  a  white  heat  to  the  action  of  hydrogen,  3  Mg  O,  P  O.^  is 
formed,  while  P  Hg,  P  and  P  O,  escape.  3  (2  Mg  O,  P  06)=2  (3  Mg 
O,  P  O4)  -I-  P  O5  (Struvb  *).  It  leaves  the  color  of  moist  turmeric-, 
and  of  reddened  litmus-paper  unchanged. 

If  we  dissolve  pyrophosphate  of  magnesia  in  hydrochloric  or  nitric 
acid,  add  water  to  the  solution,  boil  for  some  time,  and  then  precipitate 
with  ammonia  in  excess,  we  obtain  a  precipitate  of  phosphate  of  mag* 
nesia  and  ammonia  which,  after  ignition,  affords  less  2  Mg  O,  P  Os,  than 

«  Joom.  f.  prakt.  Chcm.,  70,  340. 
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was  originally  employed.  Wkbeb  gives  the  loss  as  from  1*3  to  2*3  per 
cent.  My  own  experiments  (No.  36)  confirm  this  statement,  and  point 
out  the  circnmstances  under  which  the  loss  is  the  least  considerable 
By  long-continued  fusion  with  mixed  ccurbonates  of  potassa  and  soda,  py 
rophosphate  of  magnesia  is  completely  decomposed,  the  phosphoric  acid 
being  reconverted  into  the  tribasic  state.  If,  therefore,  we  ti-eat  the 
fused  mass  with  hydrochloric  acid,  and  then  add  water  and  ammonia,  we 
re-obtain  on  igniting  the  precipitate  the  whole  quantity  of  the  salt  used. 

2  MgO 40-00  36-04 

PO. 71-00  63-96 


111-00  100-00 

d.  Pure  magnesia  is  a  white,  light,  loose  powder.  It  dissolves  in 
55368  parts  of  cold,  and  in  the  same  proportion  of  boiling  water 
(Expt.  No.  37).  Its  aqueous  solution  has  a  very  slightly  alkaline  re- 
action. Magnesia  dissol  ves  in  hydrochloiic  and  in  other  acids,  without 
evolution  of  gas.  Magnesia  dissolves  readily  and  in  quantity  in  solutions 
of  neutral  ammonia  salts,  and  also  in  solutions  of  chloride  of  potassium 
and  chloride  of  sodium  it  is  more  soluble  than  in  water  (Expt.  No.  38). 
Exposed  to  the  air,  it  slowly  absorbs  carbonic  acid  and  water.  Mag- 
nesia is  highly  infusible,  remaining  unaltered  at  a  strong  I'ed  heat,  and 
fusing  superficially  only  at  the  very  highest  temperature. 

Mg 12  60-03 

0 8  39-97 


20  100-00 

BA8BS  OF  THE  THIRD   GROUP. 

§  75. 
1.  Alumina. 

Alumina  is  usually  precipitated  as  hydrate,  occasionally  as  basic 
acetate  or  basic  formiate,  and  is  always  weighed  in  the  pure  state. 

a.  Hydrate  of  alumina^  recently  precipitated,  is  gelatinous ;  it  in- 
variably retains  a  minute  proportion  of  the  acid  with  which  the  alu- 
mina was  previously  combined,  as  well  as  of  the  alkali  which  has 
served  as  the  precipitajit ;  it  is  freed  with  difficulty  from  these  admix- 
tures by  repeated  washing.* 

Hydrate  of  alumina  is  insoluble  in  pure  water ;  but  it  readily  dis- 
solves in  soda  and  potassa ;  it  is  sparingly  soluble  in  caustic  ammonia, 
and  altogether  insoluble  in  carbonate  of  ammonia ;  presence  of  ammo- 
nical  salts  greatly  diminishes  its  solubility  in  caustic  ammonia  (Expt. 
No.  39).  The  correctness  of  this  statement  has  been  amply  confirmed 
by  Malaguti  and  Durocher  ;  f  and  also  by  experiments  made  by  my 
former  assistant,  Mr.  J.  Fuchs.  The  former  chemists  state  also  that 
when  a  solution  of  alumina  is  precipitated  with  sulphide  of  ammoniumi, 
the  fluid  may  be  filtered  off  five  minutes  after,  without  a  trace  of  alumina 
in  it.     Fuohs  did  not  find  this  to  be  the  case  (Expt.  No.'40). 

*  See  paire        note  f  Ann.  de  Chim.  et  de  Phyi.,  3  S^r.  IG,  421, 
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Hydrate  of  alumina,  recently  precipitated,  dissolves  readily  in  hydro 
chloric  or  nitric  acid ;  but  after  filtration,  or  after  having  remained  foi 
some  time  in  the  fluid  from  which  it  has  been  precipitated,  it  does  not 
dissolve  in  these  acids  without  considerable  difficulty  and  long  digestion. 
Hydi'ute  of  alumina  shrinks  considerably  on  drying,  and  then  presents 
the  appearance  of  a  hard,  transparent,  yellowish,  or  of  a  white,  earthy 
mass.  When  heated  to  redness  it  loses  its  water,  and  this  loss  is  fre- 
quently attended  with  slight  decrepitation,  and  invariably  with  con- 
siderable diminution  of  bulk. 

h.  Alumina^  prepared  by  heating  the  hydi-ate  to  a  moderate  degree 
of  redness,  is  a  loose  and  soft  mass ;  but  upon  the  application  of  a  very 
intense  degree  of  redness,  it  concretes  into  small,  hai'd  lumps.  At  the 
most  intense  white  heat  it  fuses  to  a  colorless  glass.  Ignited  alumina 
is  dissolved  by  dilute  acids  with  very  great  difficulty ;  in  fuming  hydro- 
chloiic  acid  it  dissolves  upon  long-continued  digestion  in  a  warm  place, 
slowly,  but  completely.  It  dissolves  tolerably  easily  and  quickly  by  first 
heating  with  a  mixture  of  8  parts  of  concentrated  sulphuric  acid  and  3 
parts  of  water,  and  then  adding  water  (A.  Mitscherlich*).  Ignition 
in  a  current  of  hydrogen  gas  leaves  it  unaltered.  By  fusion  with  bisul- 
phaie  of  potassa  it  is  rendered  soluble,  the  residue  dissolving  readily  in 
water.  Upon  igniting  alumina  with  chloride  of  ammonium,  chloride  of 
aluminium  escapes;  but  the  process  fails  to  effect  complete  volatilization 
of  the  alumina  (H.  Eose).  When  alumina  is  fused  at  a  very  high  tem- 
perature, in  conjunction  with  ten  times  its  quantity  of  carbonate  of 
soda,  aluoiinate  of  soda  is  formed,  which  is  soluble  in  water  (R.  Rich- 
ter).  Placed  upon  moist  red  litmus  paper,  pure  alumina  does  not 
change  the  color  to  blue. 

Al, 27-50  53-40 

O, 2400  46-60 


51-50  100-00 

c.  If  to  the  solution  of  a  salt  of  alumina,  carbonate  of  soda  or  cai-bon- 
ate  of  ammonia  be  added,  till  the  resulting  precipitate  only  just  redis- 
Bolves  on  stirring,  and  then  acetate  of  soda  or  acetate  of  ammonia 
poured  in  in  abundance  and  the  mixture  boiled  some  time,  the  alumina 
is  pi*ecipitated  almost  completely  as  basic  acetate  in  the  form  of  trans- 
parent flocks,  so  that  if  the  filtrate  be  boiled  with  chloride  of  ammonium 
and  ammonia  only  unweighable  traces  of  alumina  separate.  If  the 
quantity  of  acetate  of  soda  employed  be  too  small,  the  precipitate  ap- 
pears more  granular,  the  filtrate  would  then  contain  a  larger  amount  of 
alumina.  The  precipitate  is  difficult  to  filter  or  wash.  In  washing  it 
it  is  best  to  use  boiling  water,  containing  a  little  acetate  of  soda  or 
acetate  of  ammonia.  The  precipitate  is  readily  soluble  in  hydi'ochioric 
acid. 

d.  If,  instead  of  the  acetates  mentioned  in  c,  the  corresponding 
formiates  be  used,  a  flocculent  voluminous  precipitate  of  basic  formiate 
of    alumina  is   obtained,   which  may  be   very  readily  washed    (Fr. 

ScHULZEf).    < 

•  Joum.  f.  prakt  Cham.,  81,  110.  fC^iem.  Centralbl.,  1861,  & 
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§76. 
2.  Sesquioxide  of  Chromium. 

Sesquioxide  of  chromium  is  usually  precipitated  as  hydratr,  and 
always  weighed  in  the  pure  state. 

a.  ITydrated  seaquioxide  of  chromium^  recently  precipitated  from  a 
green  solution,  is  greenish-gi-ay,  gelatinous,  insoluble  in  water :  it  dis* 
solves  readily,  in  the  cold,  in  solutions  of  potassa  or  soda,  to  a  dark  green 
fluid ;  it  dissolves  also  in  the  cold,  but  rather  sparingly,  in  solution  of 
ammonia,  to  a  blight  violet  red  fluid.  In  acids  it  dissolves  readily,  im- 
parting a  dark  green  tint  to  the  fluid.  Presence  of  chloride  of  ammo- 
nium exercises  no  influence  upon  the  solubility  of  the  hydrate  inammv 
nia.  Boiling  etFects  the  complete  separation  of  the  sesquioxide  from  its 
solutions  in  potassa,  soda,  or  ammonia  (Expt.  No.  41).  The  dried  hy- 
di*ate  is  a  greeuish-blue  powder ;  it  loses  its  water  at  a  gentle  i^ed  heat 

h,  Seftquioxicle  of  chramuun,  produced  by  heating  the  hyditite  to 
dull  redness,  is  a  dark  green  powder  ;  upon  the  application  of  a  higher 
degree  of  heat  it  assumes  a  lighter  tint,  but  surfers  no  diminution  of 
weight ;  the  transition  from  the  darker  to  the  lighter  tint  is  marked  by 
a  vivid  incandescence  of  the  ix)wder.  The  feebly  ignited  sesquioxide  is 
difficultly  soluble  in  hydrochloiic  acid,  and  the  strongly  ignited  ses- 
quioxide Ls  altogether  insoluble  in  that  acid.  Mixed  with  chloride  of 
ammonium,  and  exposied  to  a  red  heat,  sesquioxide  of  chromium  remains 
unaltered ;  it  suflers  no  alteration  when  ignited  in  a  current  of  hydra 
men  gas. 

Cr, 52-48  68-62 

O, 2400  31-38 
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BASKS  OP  THE  FOURTH  GROUP. 

§77. 
1.  Oxide  of  Zinc. 

Zinc  is  weighed  in  the  form  of  oxide  or  sulphide  ;  it  is  precipitated 
as  basic  carbonate,  or  as  sulphide. 

a.  Jiasic  carbonate  of  zinc,  recently  precipitated,  is  white,  flocculont, 
nearly  insoluble  in  wat«r — (one  part  requiring  44G00  parts.  Expt.  No. 
42) — but  i-eadily  soluble  in  potassa,  soda,  ammonia,  carbonate  of  ammo- 
nia, and  acids.  The  solutions  in  soda  or  pottissa,  if  concentrated,  ai*e 
not  altered  by  boiling ;  but  if  dilute,  nearly  all  the  oxide  of  zinc  present 
is  thrown  down,  as  a  white  pi-ecipitate.  From  the  solutions  in  ammo* 
nia  and  carbonate  of  ammonia,  especially  if  they  are  dilute,  oxide  of 
zinc  likewise  separates  upon  boiling.  When  a  neutral  solution  of  zinc 
is  precipitated  with  carbonate  of  soda  or  carbonate  of  potassa,  carbonic 
acid  is  evolved,  since  the  precipitate  formed  is  not  Zn  O,  00^,  but  con- 
sists of  a  compound  of  hydra  ted  oxide  of  zinc  with  carbonate  of  zinc,  iu 
varying  [fropoi-tionSy  according  to   the  degi-ee  of  concentration  of  tko 
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solution,  and  to  the  mode  of  precipitation.  Owing  to  the  presence  and 
action  of  this  carbonic  acid,  part  of  the  oxide  of  zinc  remains  in  solu* 
tion ;  if  filtered  cold,  therefore,  the  filtrate  gives  a  pi-ecipitate  with  sul- 
phide of  ammonium. 

But  if  the  solution  is  precipitated  boiling,  and  kepb  at  that  tempera- 
ture for  some  time,  the  precipitation  of  the  zinc  is  complete  to  the  ex- 
tent that  the  filtrate  is  not  rendered  turbid  by  the  addition  of  sulphide 
of  ammonium ;  still,  if  the  filtrate,  mixed  with  sulphide  of  ammonium,  be 
allowed  to  stand  at  rest  for  many  hours,  minute  and  almost  unweigha- 
ble  flakes  of  sulphide  of  zino  will  separate  from  the  fluid.  The  precip- 
itate of  carbonate  of  zinc,  obtained  in  the  manner  just  desciibed,  may 
be  completely  freed  from  all  admixture  of  alkali  by  washing  witli  hot 
water.  If  ammoniacal  salts  be  present,  the  precipitation  is  not  com- 
plete till  every  trace  of  ammonia  is  expelled.  If  the  solution  of  a  zino 
salt  is  mixed  with  carbonate  of  potassa  or  soda  in  excess,  the  mixture 
evaporated  to  dryness,  at  a  gentle  heat,  and  the  residue  treated  with 
cold  water,  a  perceptible  proportion  of  the  zinc  is  obtained  in  solution 
as  double  carbonate  of  zinc  and  potassa  or  soda ;  but  if  the  mixture  is 
evaporated  to  dryness  at  boiling  heat,  and  the  residue  treated  with  hot 
water,  the  whole  of  the  zinc,  with  the  exception  of  an  extremely  minute 
proportion,  as  we  have  already  had  occasion  to  observe,  is  obtained  as 
carbonate  of  zinc. 

The  dried  basic  carbonate  of  zinc  is  a  fine,  white,  loose  powder ;  ex- 
posure to  a  red  heat  converts  it  into  oxide  of  zinc. 

b.  Oxide  afzinc^  produced  from  the  carbonate  by  the  application  of 
a  red  heat,  is  a  white  light  powder,  with  a  slightly  yellow  tint.  Wha'i 
heated,  it  acquires  a  yellow  color,  which  disappears  again  on  cooling. 
Upon  ignition  with  charcoal,  carbonic  oxide  gas  and  zinc  fumes  escape. 
By  igniting  in  a  rapid  current  of  hydrogen  gas,  metallic  zinc  is  produced ; 
whilst  by  igniting  it  in  a  feeble  current  of  hydrogen  gas,  crystallized  ox- 
ide of  zinc  is  obtained  (St.  Claire  Dbville).  In  this  case,  too,  a  por- 
tion of  the  metal  is  reduced  and  volatilized.  Oxide  of  zinc  is  insoluble 
in  water.  Placed  on  moist  turmeric  paper,  it  does  not  change  the  color 
to  brown.  In  acids,  oxide  of  zinc  dissolves  readily  and  without  evolu- 
tion of  gas.  Ignited  with  chloride  of  ammonium,  fused  chloride  of  zinc 
is  produced,  which  volatilizes  with  very  great  difficulty,  if  the  air  is  ex- 
cluded ;  but  readily  and  completely  with  free  access  of  air,  and  with 
chloride  of  ammonium  fumes.  Mixed  with  a  sufficiency  of  powdered 
sulphur  and  ignited  in  a  stream  of  hydrogen,  the  corresponding  amount 
of  sulphide  is  obtained  (H.  Eose).     . 

Zn 32-53        80-26^ 

0 8-00        19-74 


40-53       100-00 

c  Stdphide  of  zinc,  recently  precipitated,  is  a  white,  loose  hydrate  (Zn 
S,  H  O).  The  following  facts  should  here  be  mentioned  with  regard  to  its 
precipitation.*  Colorless  sulphide  of  ammonium  precipitates  dilute  solu- 
tions of  zinc,  but  only  slowly  ;  yellow  sulphide  of  ammonium  does  not  pre- 
cipitate dilute  solutions  of  zinc  (1  :  5000)  at  all.  Chloride  of  ammonium 
favors  the  precipitation  considerably.    Free  ammonia  acts  so  as  to  keep  the 

♦  Joum.  f.  prakt  Chem.,  82,  263. 
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procipitaie  somewhat  longer  in  suspension,  otherwise  it  exerts  no  ii^jurioua 
influence.  If  the  conditions  which  I  shall  lay  down  are  strictly  observed, 
oxide  of  zinc  may  be  preoipitat<ed  by  sulphide  of  ammonium  from  a  solu- 
tion containing  only^^^g-g-^-.  Hydrated  sulphide  of  zinc,  on  account 
of  ite  slimy  nature,  easily  stops  up  th3  pores  of  the  filter,  and  cannoi 
therefore  be  washed  without  difficulty  on  a  filter.  The  washing  is  best 
])erformed  by  using  water  containing  sulphide  of  ammoniiun,  and  con- 
tinually diminished  quantities  of  chloride  of  ammonium  (at  last  none) 
(see  Expt.  No.  43).  The  hydrate  is  insoluble  in  water,  in  caustic  alka> 
lies,  alkaline  carbonates,  and  the  monosulphides  of  the  alkali  metals.  It 
dissolves  readily  and  completely  in  hydrochloric  and  in  nitric,  but  only 
very  sparingly  in  acetic  acid.  When  dried,  the  precipitated  sulphide  of 
^c  is  a  white  powder ;  at  100**  it  lose^  half,  and  at  a  red  heat  the  whole 
of  its  water.  During  the  latter  process  some  sulphuretted  hydrogen 
escapes,  and  the  remaining  sulphide  of  zinc  contains  an  admixture  of 
oxide  of  zinc  By  roasting  in  the  air,  and  intense  ignition  of  the  resi- 
due', small  quantities  of  sulphide  of  zinc  may  be  readily  convei*ted  into 
the  oxide. 

On  igniting  the  dried  sulpliide  of  zinc,  mixed  with  powdered  sulphur, 
in  a  stream  of  hydrogen,  the  pure  anhydrous  sulphide  is  obtained.  (H. 
Rose). 

Zn 32-53         67*03 

S 1600         32-97 
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§78. 
2.  Protoxide  of  Manganese. 

Manganese  is  weighed  either  as  uiotosesquioxide,  as  sulphide,  or  as 
pyrophosphate.  With  the  view  or  converting  it  into  the  first  form,  it  is 
precipitated  as  protocarbonate,  hydrated  protoxide,  or  binoxide. 
Before  weighing  as  pyrophosphate  it  must  be  precipitated  as  akhokio- 
phosphate. 

a.  CarhoncUe  of  protoxide  of  manganese^  recently  precipitated,  is  white, 
flocculent,  nearly  insoluble  in  pure  water,  but  somewhat  more  soluble  in 
water  impregnated  with  carbonic  acid.  Presence  of  carbonate  of  soda  or 
potassa  does  not  increase  its  solubility.  Hecently  precipitated  carbonate 
of  protoxide  of  manganese  dissolves  pretty  readily  in  solution  of  chloride 
of  ammonium :  it  is  owing  to  this  property  that  a  solution  of  protoxide 
of  manganese  cannot  be  completely  precipitated  by  carbonate  of  potassa 
or  soda,  in  presence  of  chloride  of  ammonium  (or  any  other  ammoniacal 
salt),  luitil  the  latter  is  completely  decomposed.  If  the  precipitate,  while 
still  moist,  is  exposed  to  the  air,  or  washed  with  water  impregnated  with 
air,  especially  if  it  is  in  contact  with  carbonated  alkali,  it  slowly  assumes 
a  dirty  brownish-white  color,  part  of  it  becoming  converted  into  hydrated 
protosesquioxide  of  manganese.  In  washing  the  precipitate,  we  often 
obtain  a  turbid  filtrate.  If  the  latter  be  allowed  to  stand  for  some  time 
in  a  warm  place,  the  manganese  separates  in  brown  flocks.  If  the  precipi- 
tate is  dried  out  of  contact  with  air,  it  forms  a  delicate  white  jwwder, 
persistent  in  the  adr  [2  (Mn  O,  C  03)-f-aq.];  but  when  dried  with  fi-ee 
access  of  air,  the  powder  is  of  a  more  or  less  dirty-white  color.  When 
strongly  heated  with  access  of  air,  this  powder  first  turns  black,  and 
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changes  subsequently  to  brown  protoaesqnioxide « >f  manganese.  Ho\(  ever, 
this  conversion  takes  some  time,  and  must  never  be  held  to  be  completed 
until  two  weighings, '  between  which  the  precipitate  has  been  ignited 
again  with  free  access  of  air,  give  perfectly  corresponding  results.  On 
igniting  the  cavhonate  of  manganese,  mixed  with  powdered  sulphur,  in  a 
stream  of  hydrogen,  sulphide  of  manganese  is  obtained  (H.  Rose). 

h.  Hydrated  protoxide  of  manffaneae^  recently  thrown  down,  forms  i* 
white,  fiocculent  precipitate,  insoluble  in  water  and  in  the  alkalies,  but 
soluble  in  chloride  of  ammonium ;  this  precipitate  immediately  absorbs 
oxygen  from  the  air,  and  turns  brown,  owing  to  the  formation  of  hydrated 
protosesquioxide  of  manganese.  On  drying  it  in  the  air,  a  bsow^oow- 
dcr  (hydrated  protosesquioxide  of  manganese)  is  obtained,  wnich,  when 
heated  to  iutetiae  redness,  with  free  access  of  air,  is  converted  into  pro- 
tosesquioxide of  manganese,  and  on  ignition  with  powdered  su^[>hu^n  a 
stream  of  hydrogen,  is  converted  into  sulphide. 

c,  Protosesquioxide  of  manganese,  artificially  produced,  is  a  brown  pow- 
der. All  the  oxides  of  manganese  are  finally  converted  into  this  by  igni- 
tion in  the  air.  Each  time  it  is  heated  it  assumes  a  darker  color,  but  its 
weight  remains  unaltered.  It  is  insoluble  in  water,  and  does  not  alter 
vegetable  colors.  Heated  to  redness  Mrith  chloride  of  ammonium  it  is  con  • 
vei-ted  into  protochloride  of  mangaftese.  When  heated  witli  concentrated 
hydrochloric  acid,  it  dissolves  to  chloride  with  evolution  of  chlorine. 

(Mn,  0,+4  H  01=3  Mn  Cl-f  01  +  4  H  O) 

On  ignition  with  powdered  sulphur  in  a  stream  of  hydrogen  it  is  con- 
verted into  sulphide  (H.  Hose). 

Mn, 82-50         72-05 

O, 32-00        27-95 


lU-50         100-00 

<£.  JSinoxide  of  manganese  is  often  produced  in  analysis  by  exposing  a 
concentrated  solution  of  nitrate  of  protoxide  of  manganese  to  a  gradually 
increased  temperature.  At  140^  brown  flakes  separate,  at  155°  much 
nitric  acid  is  disengl^;ed,  and  the  whole  of  the  manganese  separates  as  an- 
hydrous binoxide.  It  is  brownish  black  and  is  deposited  on  the  sides 
of  the  vessel,  with  metallic  lustre.  It  is  insoluble  in  weak  nitric  acid, 
bat  dissolves  to  a  small  amount  in  hot  and  concentrated  nitric  acid 
(Deville).  In  hydrochloric  acid  it  dissolves  with  evolution  of  chlorine, 
in  concentrated  sulphuric  acid  with  liberation  of  oxygen.  The  binoxide 
IB  also  often  obtained  in  the  hydrated  condition  in  analytical  separations, 
thus  when  we  precipitate  a  solution  of  protoxide  with  hypochlorite  of 
«oda,  or,  aft^r  addition  of  acetate  of  soda,  with  chlorine  in  the  heat.  The 
brownish-black  fiocculent  precipitate  thus  obtained  is  apt  to  contain  alkali. 

e.  Sulphide  of  ma/nganese,  prepared  in  the  wet  way,  forms  a  flesh- 
eolored  precipitate.  E  must  make  a  few  remarks  with  reference  to  its 
precipitation.*  This  is  effected  but  incompletely  if  we  add  to  a  pure 
mangviese  solution  only  sulphide  of  ammonium,  no  matter  whether  it  be 
foloriess  or  yellow,  while  it  is  perfectly  effected  if  chloride  of  ammo- 
mum  be  used  in  addition.  A  very  large  quantity  even  of  chloride  of 
ammonium  does  not  im[>ede  the  precipitation ;  the  presence  of  a  large 

*  Jonm.  f.  prakt  Chem.,  82,  265. 
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qiiantit}'  of  free  ammonia  somewhat  inteiferes  with  the  completeness  of 
the  precipitation.  In  all  cases  we  must  allow  to  ntand  at  least  24  1k>iii-S| 
and  with  very  dilute  solutions  48  hours,  before  filteiing.  The  yellow 
sulphide  of  ammonium  is  the  most  appropriate  precipitant.  In  tlie 
presence  of  chloride  of  ammonium  even  a  large  excess  of\8ulphide  of  am- 
monium is  iminjurious.  If  the  precipitation  is  conducted  as  directed, 
the  manganese  can  be  precipitated  from  solutions  which  contain  only 
l(^i}^^(^  of  the  protoxide.  If  the  flesh-colored  hydrated  sulphide  remains 
some  time  under  the  fluid  from  whidi  it  was  j)recipitated,  it  sometimes 
becomes  converted  into  the  gi*een  anhydrous  sulphide.  This  appeai-auce 
often^£urs  after  a  few  hours  or  days,  sometimes  not  for  weeks.  In 
acidsTfnyci^chloric,  sulphuric,  acetic,  &c.)  the  hydrate  dissolves  with 
evolmtion  oi  sulphuretted  hydrogen.  If  the  precipitate,  while  still  moist, 
is  ex|^ej)Ao  the  air,  or  washed  with  water  impregnated  with  air,  its 
fleshy  um;  changes  to  brown,  hydi*ated  protosesquioxide  of  manganese 
being  formed,  togetlier  with  a  small  portion  of  sulphate  of  protoxide 
of  manganese.  Hence  in  wa.shing  the  hydi-ate  we  always  add  some 
sulphide  of  ammonium  to  the  wash- water,  and  keep  the  filter  as  full  as 
possible  with  the  same.  We  guard  against  the  filtrate  running  through 
turbid,  by  adding  gi'adually  decreasing  quantities  of  chloride  of  ammo- 
nium to  the  wash-water  (at  last  non6).  (Expt.  No.  44.)  On  igniting 
the  precipitate  mixed  with  sul])hur  in  a  stream  of  hydrogen  the  anhy- 
drous sulphide  remains.  If  we  have  gently  ignited  during  this  process, 
the  product  is  light  green ;  if  we  have  strongly  ignited,  it  is  dark  green 
to  black.  Neitlier  the  green  nor  the  black  sulphide  attracts  oxygen  or 
water  quickly  from  the  air  (H.  Kose). 

Mn 27-5  63-22 

S lG-0  36-78 


43-5  100-00 

[fi  Ammonio-pJioephate  of  mant/anese  is  at  first  a  white,  semi-gelati* 
nous  precipitate,  which,  on  standing  for  some  time  in  the  eold,  and  more 
speedily  at  the  boiling  point,  crystallizes  in  pale  rose-coloivd  pearly  scales. 
It  dissolves  easily  in  hydrochloric  or  nitric  acid,  but  is  almc^  absolutely 
insoluble  in  boiling  water,  ammonia,  and  ammoniacal  salts,  and  may  be 
washed  with  facilitv.     Its  formula  is : 

2MnO,  NH,  O,  PO52HO. 

By  ignition  it  is  converted  into  pyrophosphate  of  manganese. 

g,  Pijropliosphate  of  munganeae  is  a  nearly  white  powder,  not  altered 
by  a  full  red  heat  or  by  ex]>osure  to  the  air. 

2MnO 71         60 

^0» 71  60 


t' 
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§  79. 
3.  Protoxide  of  Nickeu 

Nickel  is  precipitated  as  iiydrated  protoxide,  hydrated  sK3QUIOxidB| 
and  as  sulvhtde.     It  is  weighed  in  the  foi-m  of  protoxide. 

a^  Ili/di'ated  2^'otoxide  of  nickel  forms   an   apple- gi*een   precipitate. 
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almost  absolutely  insoluble  in  water,  but  soluble  in  ammoniH  and  carbo- 
nate of  ammonia.  From  these  solutions  it  is  completely  reprecii»itatc;d 
by  potassa  or  soda,  added  in  excess ;  application  of  heat  proiJiut(rH  the 
precipitation.  It  is  unalterable  in  the  air ;  on  intense  ignition,  it  pa^es 
into  pure  anhydrous  protoxide. 

6.  jPi-otoxide  of  nickel  is  a  dirty  grayish-green  ])owder,  insoluble  in 
water,  but  readily  soluble  in  hydrochloric  acid.  It  does  not  affect  vege- 
table colors.  It  suffers  no  variation  of  weight  upon  ignition  with  free 
access  of  air.  It  is  easily  reduced  to  metallic  nickel  by  ignition  lA 
hydrogen  gaa. 

Ni 29-5  78-67 

0 8-0  21-33 
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[c.  JTydrcUed  sesquioxide  of  nickel,  thrown  down  by  caustic  soda  from 
solutions  of  nickel  which  have  been  mixed  with  solution  of  hypochlo- 
rite of  soda,  is  a  black  precipitate  that  is  much  more  etisily  washed  than 
the  hydmted  protoxide.     It  jtasses  into  protoxide  upon  ignition.] 

d,  Ilydvated  8ul2)hide  of  nickd,  prepared  in  the  wet  way,  forms  a 
black  precipitate,  insoluble  in  water.  When  thrown  down  in  the  cold 
it  is  somewhat  soluble  in  sulphide  of  ammonium  containing  free  ammonia, 
the  supernatant  liquid  having  a  brown  color.  The  cold  precipitated  sid- 
phide  is  liable  to  oxidize  somewhat  on  the  filter  to  sulphat>e  of  nickeL 
[^When  separated  from  boiling  solutions  by  sulphide  of  sodium,  as  is 
directed  §  110,  these  inconveniences  are  not  experienced.]  It  is  veiy 
S}>aringly  soluble  in  concentrated  acetic  acid,  somewhat  more  soluble  in 
hydi-ochloric  acid.  It  is  more  readily  soluble  still  in  nitric  acid,  but  its 
best  solvent  is  nitrohydrochloric  acid.  It  loses  its  water  upon  the  appli- 
cation of  a  red  heat ;  when  ignited  in  the  air,  it  is  transfoi-med  into  a 
basic  compound  of  scsquioxide  of  nickel  with  sulphuric  acid.  Mixed 
w^ith  sulphur  and  ignited  in  a  stream  of  hydrogen,  a  fused  mass  remains, 
of  pale-yellow  color  and  metallic  lustre.  This  consists  of  'Ni^  S,  but  its 
composition  is  not  pei-fectly  constant  (H.  IIose). 

§80. 
4.  Protoxide  of  Cobalt. 
Cobalt  is  weighed  in  the  pure  metallic  state,  or  as  protoxide  ;  or 

as  SULPHATE  OF  PROTOXIDE,  Or  aS  NITRITE  OF  COBALT  AND  POTASSA. 

besides  the  properties  of  these  substances,  we  have  to  study  here  also 
tbose  of  the  iiydrated  protoxide,  of  the  hydrated  sesquioxide,  and 

of  the  SULPHIDE. 

a.  HydixUed  2>roioxide  of  cohcdL — Upon  precipitating  a  solution  of 
protoxide  of  cobalt  with  potassa,  a  blue  precipitate  (a  basic  salt)  is  formed 
%t  first,  which,  upon  boiling  with  potassa  in  excess,  excluded  from  con- 
tact of  air,  changes  to  light  i*ed  hydi^ted  protoxide  of  cobalt ;  i^,  on  the 
contrary,  this  process  is  conducted  with  free  access  of  air,  the  ]>rccipitat6 
becomes  discolored,  part  of  the  hydrated  protoxide  being  converted  into 
hydrated  sesquioxide.  The  hydrate,  prepared  in  this  way,  retains  a  tiuce 
f^  the  acid,  and,  even  after  the  most  thorough  washing  with  hot  water, 
also  a  minute  amount  of  the  alkaline  ]>recipitHnt  (Expt.  No.  46). 

Hydrated  protoxide  of  cobalt  is  insoluble  in  water,  and  also  in  potassa  i* 
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it  dissolves  in  sohitions  of  ammoniacal  salts;  when  dried  in  the  air  it 
absorbs  oxygen,  and  acquires  a  brownish  color.     (See  6.) 

[6.  Protoxide  of  cobalt — Hydrated  protoxide  of  cobalt^  when  ignited 
in  the  air  or  iu  oxygen,  yielda  a  variable  mixture  of  protoxide  and  |>i'q- 
tosesquioxide,  and  cannot  certainly  be  brought  to  a  constant  composi- 
tion. If,  however,  it  be  intensely  ignited,  and  cooled  in  a  stream  of  car- 
bonic acid,  it  leaves  pure  protoxide  of  cobalt  (Kjussel,*  GAUHE,f  Burton^)* 
The  protoxide  has  a  light-brown  cc^or,  is  but  slightly  hygi'oscopic,  and 
dissolves  in  hydrochloric  acid  without  evolving  chlorine. 

Co 29-50  78-67 

0 8-00  21-33 
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[e.  ffydrtUed  seaqutoxide  of  cobaU  is  thi'own  down  from  solutions  of 
protosalts  of  cobalt  by  a  mixture  of  potassa  and  hypochloiite  of  soda  as 
a  bi-own-black  precipitate,  which  is  completely  insoluble  in  the  precipi- 
tants  and  in  hot  water,  and  may  be  washed  from  all  but  the  minutest 
traces  of  alkali  with  much  greater  ease  than  the  hydrated  protoxide. 
(See  d.)] 

Co, 88-5  73-44 

O, 320  26-56 
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d»  Metallic  cobcdt  is  obtained  from  any  and  all  its  oxides,  and  from 
the  nitrate  and  chloride  of  cobalt,  by  ignition  in  a  current  of  hydrogen 
gas.  It  is  a  gi-ayish-black  magnetic  ix)wder,  less  fusible  than  gold.  If 
the  reduction  has  been  effected  at  an  intense  red  heat,  the  metal  is  un- 
alterable in  the  air ;  if  at  a  low  heat,  it  oxidizes  or  even  burns.  Metallic 
cobalt  does  not  decompose  water,  either  cold  or  boiling;  it  dissolves  in 
nitric  and  sulphuric  acids  to  the  corresponding  salts  of  protoxide. 

[Metallic  cobalt,  obtained  from  oxides  which  have  been  precipitated 
by  caustic  alkalies,  has  an  alkaline  i-eaction,  from  the  retention  by  the 
oxides  of  a  ti*ace  of  alkali.  This  alkali,  which  need  not  exceed  0*2~0'3 
per  cent.,  may  be  removed  by  repeated  washings  of  the  metal  with  hot 
water.] 

€,  /Sidphide  of  cohrdtj  produced  in  the  wet  way,  forms  a  black  precipi- 
tate, insoluble  in  water,  in  alkalies,  and  in  alkaline  sulphides.  When 
precipitated  cold,  and  exposed  moist  to  the  air,  it  oxidizes  to  sulphate. 
[If  the  precipitate  be  digested  hot,  or  made  with  hot  sulphide  of  sodium, 
as  dii'ected  §  111,  it  washes  readily  and  without  danger  of  oxidation.] 
Sulphide  of  cobalt  is  but  sparingly  soluble  [if  pi-ecipitat^jtl  hot,  in- 
soluble] in  acetic  acid  and  in  dilute  mineral  acids,  more  readily  in  con- 
centrated mineral  acids,  and  most  readily  in  warm  nitro4)ydrochloric 
acid.  [Sulphide  of  cobalt  may  be  converted  into  sulphate  by  beating 
with  strong  nitric  acid.]  Mixed  with  sulphur  and  ignited  in  a  stream 
of  hydrogen,  we  obtain  a  product  of  uncertain  composition,  not  suited 
for  the  determination  of  cobalt  (H.  Rose). 
f  Sulphate  of  pi'otoxule  of  cobalt  crystallizes,  in  combination  witk 

^^^— — ^i^^M  ■  I     ■     ■  ■■  ■  I     ■■        ■      ■  ■  ■     ■  -       ■   ■  ■       ■  —    —   -   II  ■     ■        ,  „.,■■■■  ^      ■  ■  ■»»■■■      «M^MHMMM^ 

«  Jour.  Cham.  Soc  (2),  I.  51.  f  Fros.  Zeitachrift,  lY,  5CL         . 
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7  aq.,  slowly  in  oblique  rhombic  prLsms  of  a  fine  red  color.  The  crystals 
yield  the  whole  of  the  7  eq.  of  water  at  a  moderate,  heat,  and  ai*e  con« 
verted  into  a  rose-colored  anhydrous  salt,  which  bears  the  application  of  a 
gentle  red  heat  for  a  short  time  without  losing  acid.  It  dissolves  i*ather 
difficultly  in  cold,  but  more  readily  in  hot  water.  [By  strong  ignition 
in  an  atmosphere  of  carbonate  of  ammonia  it  may  be  reduced  to  metcd« 
lie  cobalt.] 

Co  O 37-5  48-39 

SO3 40-0  51-61 
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g.  IfUrite  of  cobcdt  and  potasaa,  which  is  easily  produced  by  mix* 
ing  a  solution  of  protoxide  of  cobalt  with  nitrite  of  potassa,  and  enough 
nitric  or  acetic  acid  to  liberate  some  nitrous  acid  and  make  the  liquid 
permanently  acid,  forms  a  crystalline  precipitate  of  a  line  yellow  color, 
'which  dissolves  to  a  very  perceptible  amount  iu  pure  water,  and  still 
more  copiously  in  water  containing  chloride  of  sodium  and  chloride  of 
ammonium.     In  rather  concentrated  solutions  of  salts  of  potassa  (KG, 

SO3,  —  K  CI,  —  K  O,  N  Or,  —  K  O,  A),  [containing  some  nitrite  of  po- 
tassa (Gauhe)  ],  it  is  insoluble  even  ujwn  boiling.*  The  presence  of  a 
small  proportion  of  free  acetic  acid  exercises  no  solvent  action  under  these 
circumstances.  The  precipitate  does  not  dissolve  in  alcohol  of  80  per 
cent. ;  but  it  dissolves,  though  not  copiously,  in  boiling  water,  to  a  red 
fluid.  Niti-ite  of  cobalt  and  potassa  is  decomposed  with  difficulty  by 
solution  of  potassa,  but  readily  by  solution  of  soda,  or  by  baiyta -water ; 
the  decomposition  is  attended  with  separation  of  brown  hydrated  ses- 
quioxide  of  cobalt  (A.  STROMEYEuf ).  [The  composition,  dried  at  100°, 
is  somewhat  variable  (Stromeyer,  £rdhann|). 

Co^GaC?) 17-7— 19-0 

KG 28-2  —  32-8 

N 15-8—17-8 

Water 3-9 —   6-8]. 

It  is  decomposed  by  ignition,  and  gives  protosesquioxide  of  cobalt  and 
potassa.  [In  presence  of  nickel  and  alkaline  earths  the  precipitate  con- 
tains nickel  (Erdmann)]. 

§81. 
5.  Protoxide  of  Iron;  and  6.  Sesqcioxide  of  Iron. 

Iron  is  usually  weighed  in  the  form  of  sesquioxtde,  occasionally  as  SUL 
PHIDE.     We  have  to  study  also  the  hydrated  sesquioxide,  the  succinate 

OF  THE  sesquioxide,  the  ACETATE  OF  THE  SESQUIOXIDE,  and  the  FORMIATE 
OF   THE   SESQUIOXIDE. 

o.  Jlydrated  sesquioxide  of  iron^  recently  prepared,  is  a  reddish-brown 
precipitate,  insoluble  in  water,  in  the  alkalies,  and  inammoniacal  salts,  but 

[*  If  thrown  down  in  absence  of  free  acid  the  precipitate  has  a  darker  color^ 
Mid  is  soluble  to  a  slight  degree  in  solution  of  acetate  of  potassa.] 
f  Azmal  d.  (hem.  vl  Pharm..  06,  218. 
%  Jour.  f.  prakt.  Chem.,  07,  385. 


1S2  FORMS.  [§  81: 

readily  soluble  in  acids ;  the  process  of  drying  very  greatly  red  ices  thi 
bulk  of  this  precipitate.  When  dry,  it  presents  the  appeai-ance  of  a  bniwii^ 
hard  mass,  with  shining  conchoidal  fracture.  If  the  precipitant  alkali  is 
not  used  in  excess,  the  precipitate  contains  basic  salt ;  on  the  othei*  hand, 
if  the  alkali  has  been  used  in  excess,  a  portion  of  it  is  invariably  carried 
down,  in  combination  with  the  sesquioxide  of  iron, — on  which  account 
ammonia  alone  can  properly  be  used  in  analysis,  as  a  precipitant  for  salts  of 
sesquioxide  of  iron.  Under  certain  circumstances,  for  instance,  by  pro- 
tracted heating  of  a  solution  of  acetate  of  sesquioxide  of  iron  on  the 
water-bath  (which  turns  the  solution  from  blood-red  to  brick-red,  and 
makes  it  appear  turbid  by  reflected  light),  and  subsequent  addition  of 
some  sulphuric  acid  or  salt  of  an  alkali,  a  reddish-brown  hydrate  is  pro- 
duced, which  is  insoluble  in  cold  acids,  even  though  concentrated,  and*  is 
not  attacked  even  by  boiling  nitric  acid  (L.  Pean  de  St.  Gilles*). 

b.  The  hydrated  sesquioxide  of  iron  is,  upon  ignition,  converted  into 
the  anhydrous  sesquioxide.  If  the  hydrated  sequioxide  has  not  been  most 
carefully  and  thoroughly  dried,  the  small  solid  lumps,  though  dry  outside, 
retain  still  a  portion  of  water  confined  within,  the  sudden  convemon  of 
that  water  into  steam,  upon  the  application  of  a  red  heat,  will  cause  par- 
ticles of  the  sesquioxide  to  fly  about,  and  may  thus  lead  to  loss  of  substance. 
Pure  sesquioxide  of  iron,  when  placed  upon  moist  reddened  litmus  paper, 
does  not  change  the  color  to  blue.  It  dissolves  slowly  in  dilute,  but  more 
rapidly  in  concentrated  hydrochloric  acid ;  the  application  of  a  moderate 
degree  of  heat  effects  this  solution  more  readily  than  boiHng.  With  a 
mixture  of  8  parts  concentrated  sulphuric  acid  and  3  parts  water,  it 
behaves  in  the  same  manner  as  alumina. 

The  weight  of  the  sesquioxide  does  not  vary  upon  ignition  in  the  air , 
when  ignited  together  with  chloride  of  ammonium,  sesquichloride  of  iron 
escapes.  Ignition  with  charcoal,  in  a  closed  vessel,  reduces  it  more  or  less. 
Strongly  ignited  with  sulphur  in  a  stream  of  hydrogen,  it  is  transformed 
into  protosulphide. 

Fe, 56  70-00 

O;    24  30-00 


80  100-00 

c.  Sulphide  q/* ircm,  produced  in  the  humid  way,  forms*  black  precipi- 
tate. The  following  facts  are  to  be  noticed  with  regard  to  its  precipita- 
tion.f  Sulphide  of  ammonium  used  alone,  whether  colorless  or  yellow, 
precipitates  pure  neutral  solutions  of  protoxide  of  iix)n,  but  slowly  and 
imperfectly.  Chloride  of  ammonium  acts  very  favorably ;  a  large  excess 
even  is  not  attended  with  incovenience.  Ammonia  has  no  injurious 
action.  It  is  all  the  same  whether  the  sulphide  of  ammonium  be  colorless 
or  light  yellow.  If  the  directions  given  are  observed,  iron  may  be  precipi- 
tated by  means  of  sulphide  of  ammonium  from  solutions  containing  only 
Tinr^ftoo  ^^  *^®  protoxide.  In  such  a  case,  however,  it  is  necessary  to 
allow  to  stand  forty-eight  hours.  Since  the  precipitate  rapidly  oxidizes  in 
contact  with  air,  sulphide  of  ammonium  is  to  be  added  to  the  wash-water, 
and  the  filter  kept  full.  [By  keeping  the  precipitate  with  the  liquid 
near  the  boiling  point  for  a  long  time  (48  hours),  adding  sulphide  of 


•  Joum.  f.  prakt  Chem.,  00,  137  f  Ibid.,  82,  2Ga 
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ammonium  from  time  to  time,  the  sulphide  of  iron  becomes  dense,  and 
may  be  washed  with  little  danger  of  oxidation.]  It  is  well  to  mix  a  little 
chloride  of  ammonium  with  the  wash-water,  but  the  quantity  should  be 
continually  reduced,  and  the  last  water  used  should  contain  none.  In 
mineral  acids,  even  when  very  dilute,  the  hydrated  sulphide  dissolves 
readily.  Mixed  with  sulphur,  and  strongly  ignited  in  a  stream  of  hydro > 
gen,  anhydrous  protosidphide  remains  (H.  Bose). 

Fe 28  63-64 

S 16  36-36 


44  10000 


d.  When  a  neutral  solution  of  a  salt  of  sesquioxide  of  iron  is  mixed 
with  a  neutral  solution  olf  an  alkaline  succinate,  a  cinnamon-colored  pre- 
cipitate of  a  brighter  or  darker  tint  is  formed ;  this  is  succinate  of  ses' 
quioxUle  of  iron  (Fe,  O,,  Cg  H^  Og).  It  results  from  the  nature  of  this 
precipitate,  that  its  formation  must  set  free  an  equivalent  of  acid  (suc- 
cinic acid,  if  the  succinate  of  ammonia  is  used  in  excess) ;  e.^.,  2  (Fe, 
0„3  S  0,)-|-3  (2  NH,  O,  C,  H,  Oe)-h2  H  0  =  2  (Fe,  O,,  C«  H,  0«)-f 
6  (N  H4  O,  S  Oj)  -f  2  H  O,  Cg  H4  Og.  The  free  succinic  acid  does  not 
exercise  any  perceptible  solvent  action  upon  the  precipitate  in  a  cold  and 
highly  dilute  solution,  but  it  redissolves  the  precipitate  a  little  more 
readily  in  a  warm  solution.  The  precipitate  must  therefore  be  filtered 
cold,  if  we  want  to  guard  against  re-solution.  Succinate  of  sesquioxide 
of  ii'on  is  insoluble  in  cold,  and  but  sparingly  soluble  in  hot  water.  It 
dissolves  readily  in  mineral  acids.  Ammonia  depiives  it  of  the  greater 
portion  of  its  acid,  leaving  compounds  similar  to  the  hydrated  sesquioxide 
of  iron,  which  contain  from  18  to  30  eq.  Fcg  O3  for  1  eq.  Cg  H^  Og  (Dop- 
ping).  Warm  ammonia  withdi-aws  the  acid  more  completely  than  cold 
ammonia. 

[e.  If  to  a  hot  solution  of  a  salt  of  sesquioxide  of  iron  carbonate  of 
soda  be  added  till  a  slight  permanent  precipitate  is  formed,  and  this  be 
redissolved  by  a  few  drops  of  hydrochloric  acid,  then  heated  to  boiling, 
and  crystals  of  acetate  of  soda  be  added,  the  whole  of  the  iron  will  be  pi-e- 
cipitated  as  ba4dc  acetate  of  sesquioxide.  The  success  of  tliis  operation 
depends  on  the  iron  solution  being  sufficiently  dilute,  the  free  acid  suffi- 
ciently neuti-alized,  and  tho  acetate  of  soda  in  sufficient  quantity.  In- 
stead of  carbonate  and  acetate  of  soda  the  corresponding  salts  of  ammo- 
nia may  be  used.  The  precipitate  may  usually  be  filtered  off  and  washed 
iHritbout  any  iron  passing  into  the  filtrate ;  sometimes,  however,  the  I'e- 
verse  is  the  case.  It  is  best  to  filter  immediately,  and  to  use  boiling 
wash-water.  When  these  directions  are  followed,  the  precipitate  is  free 
from  alkali)  but  if  the  precipitate  is  digested  with  the  liquid,  it  fixes  al- 
kali and  becomes  more  difficult  to  work*  (Keichardt)]. 

y.  Instead  of  the  acetate  of  soda  or  ammonia  used  in  6,  the  correspond- 
ing formiates  may  be  used.     The  basic  formiaie  of  sesquioxide  of  iron 
here  obtained    is  more   easily   v/ashed   than  the  basic   acetate  .  (Fb 
Schulze  f ). 
^"^•^•^     "  III     •—•  ^^^^-^^ 

•  Frea  Zeitschrift,  V.  63.  \  Ohem.  Centralbl.,  1861,  3. 
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BASBS   OF  THE   FIFTH  GROUP. 

§82. 
1.  Oxide  of  Silver. 
Silver  may  bo  w«nghed  in  tlie  metallic  state,  as  ceux)ride,  s(jlfhidb, 

or  CYANIDE. 

a.  Metallic  silver,  obtained  by  the  ignition  of  salts  of  silver  with  or- 
ganic acids,  (be.,  is  a  loose,  light,  white,  glittei-ing  mass  of  metallic  lustre ; 
but,  when  obtained  by  reducing  chloride  of  silver,  Ac.,  in  the  wet  way, 
by  the  agency  of  zinc,  it  is  a  dull  gray  powder.  It  is  not  fusible  over 
a  Berzelius'  lamp.  Ignition  leaves  its  weight  unaltered.  It  dissolves 
readily  and  completely  in  dilute  nitiic  acid. 

h.  CMoride  of  silver,  recently  precipitated,  is  white  and  curdy.  On 
shaking,  the  large  spongy  flocks  combine  with  the  smaller  particles,  so 
that  the  fluid  becomes  perfectly  clear.  This  result  is,  however,  only 
satisfactorily  effected,  when  the  flocks  have  been  produced  in  presence 
of  excess  of  silver  solution,  and  when  they  have  been  recently  precipi- 
tated (compare  G.  J.  Mulder*).  Chloride  of  silver  is  in  a  very  high 
degree  insoluble  in  water  and  in  dilute  nitric  acid ;  strong  nitric  acid, 
on  the  contrary,  does  dissolve  a  trace.  Hydrochloric  acid,  especially  if 
concentrated  and  boiling,  dissolves  it  very  perceptibly.  On  sufficiently 
diluting  such  a  solution  ^dth  cold  water  the  chloride  of  silver  falls  out 
so  completely  that  the  filtrate  is  not  colored  by  sulphuretted  hydrogen. 
Chloride  of  silver  is  insoluble,  or  very  nearly  so,  in  concentrated  sul- 
phuric acid ;  in  the  dilute  acid  it  is  as  insoluble  as  in  water.  In  a  solu-* 
tion  of  tartaric  acid  chloride  of  silver  dissolves  perceptibly  on  warming ; 
on  cooling,  however,  the  solution  deposits  the  whole,  or,  at  all  events, 
the  greater  part  of  it.  Aqueous  solutions  of  chlorides  (of  sodium,  po- 
tassium, ammonium,  calcium,  zinc,  kc.)  all  dissolve  appreciable  quan- 
tities of  chloride  of  silver,  especially  if  they  are  hot  and  concentrated. 
On  sufficient  dilution  with  cold  water  the  dissolved  poi*tion  separates  so 
completely  that  the  filtrate  is  not  colored  by  sulphuretted  hydrogen. 
The  solutions  of  alkaline  and  alkaline  earthy  nitrates  also  dissolve  a 
little  chloride  of  silver.  The  solubility  in  the  cold  is  trifling ;  in  the  heat, 
on  the  contrary,  it  is  very  perceptible.  A  solution  of  nitrate  of  merciuy 
dissolves  chloride  of  silver  to  a  tolerable  extent ;  alkaline  acetates  sepa- 
rate it  from  the  solution.  Chloride  of  silver  dissolves  readily  in  aque* 
ous  ammonia,  and  also  in  the  solution  of  cyanide  of  potassium  and  that 
of  hyposulphite  of  soda.  Under  the  influence  of  light  the  chloride  of 
silver  soon  changes  to  violet,  finally  black,  losing  chlorine,  and  passing 
partly  into  Ag^  CI.  The  change  is  quite  superficial,  but  the  loss  of 
weight  resulting  ia  very  appreciable  (Mulder,  op,  cit.  p.  21).  On  long 
contact  (say  for  24  hours)  with  pure  water,  es})ecially  if  hot  of  76**, 
chloride  of  silver,  although  removed  from  the  influence  of  light,  becomes 
gray,  and,  it  a{)peai*s,  decomposed ;  the  precipitate  is  found  to  contain 
oxide  of  silver,  and  the  water  hydrochloric  acid  (Mulder).  On  diges- 
tion with  excess  of  solution  of  bromide  or  iodide  of  potassium  the  chlo- 
ride of  silver  is  completely  ti*ansformed  into  bromide  or  iodide  of  silver, 
%&  the  case  may  be  (Field  f ).     On  drying,  chloride  of  silver  becomes 

♦  Die  Silberprobirmethode,  translated  into  German  by  D.  Chr.  Qrimm.  pp.  19 
and  311.     Leipzig :  J.  J.  Weber.    18.59. 
f  Quart.  Joum.  of  Chem.  Soc  x.  234  •  Joum.  f.  prakt  Ghem.  73,  404. 
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pulverulent;  on  heating,  it  acquires  a  yellow  color;  at  260**  it  fuses  U 
a  transparent  yellow  fluid,  which  on  cooling  presents  the«  appearance  of 
a  col<Mrle8s  and  slightly  yellowish  mass.  At  a  very  strong  heat  it  vola- 
tilizes unchanged.  It  may  be  i*eadily  i-ednced  to  metallic  silver,  by  ig- 
niting it  in  a  current  of  hydrogen  gas. 

Ag 107-97  75-28 

CI 35-4G  24-72 


143-43  100-00 

o»  Sulphide  of  stiver,  prepared  in  the  humid  way,  is  a  black  precii)i- 
tate,  insoluble  in  water,  dilute  acids,  alkalies,  and  alkaline  siilplddes. 
This  precipitate  is  unalterable  in  the  aii- ;  after  being  allowed  to  sub- 
side, it  is  filtered  and  washed  with  ease,  and  may  be  dried  at  100®,  with* 
out  suffering  decomposition.  It  dissolves  in  concentrated ^  nitiic  acid,, 
with  separation  of  sulphur.  Solution  of  cyanide  of  potassium  fails  to 
dissolve  sulphide  of  silver,  except  the  cyanide  be  used  greatly  in  excess. 
In  the  latter  case  it  dissolves  to  a  slight  extent,  but  is  generally 
reprecipitated  on  addition  of  water  (Bechamp*).  Ignited  in  a  current 
of  hydrogen,  it  passes  i*eadily  and  completely  into  the  metallic  state  (H. 
Kobe). 

Ag 107-97  87-07 

S 1600  12-93 


123-97  100-00 

d.  Cyanide  of  silver^  recently  thrown  down,  forms  a  white  curdy  pi^e- 
cipitate  infioluble  in  water  and  dilute  nitric  acid,  soluble  in  cyanide  of 
potassium  and  also  in  ammonia ;  exposure  to  light  fails  to  impart  the 
slightest  tinge  of  black  to  it ;  it  may  be  dried  at  100°  without  suffering 
decomposition.  Upon  ignition,  it  is  decomposed  into  cyanogen  gas, 
which  escapes,  and  metallic  silver,  wldch  remains,  mixed  with  a  little 
paracyanide  of  silver.  By  boiling  with  a  mixture  of  equal  j)ai'ts  of  sul- 
•phuric  acid  and  water,  it  is,  according  to  Glassford  and  Napier,  dis- 
solved to  sulphate  of  silver,  with  libei-ation  of  hydrocyanic  acid. 

Ag 107-97  80-60 

C,N 26-00  19-40 
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§  83.  '  % 

2.  Oxide  of  Lead. 

lisad  is  weighed  as  oxide,  sulphate,  chromate,  and  sulphide. 
Beiddes  these  compounds,  we  have  also  to  study  the  carbonate  and  the 

OXALATE. 

{I.  NevJbiral  carbonate  of  lead  forms  a  heavy,  white,  pulverulent  preci- 
pitate. It  is  but  A'ery  slightly  soluble  in  perfectly  pure  (boiled)  water 
(one  part  requiring  50550  parts,  see   £xpt.  47,   a)  ;  but  it  dissolves 

•Joum.  f.  prakt.  Chem.  60,  C4. 
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somewhat  more  readily  in  water  containing  ammonia  and  ammoniacai 
salts  (comp.  E^pt.  No.  47,  6  and  c).  It  dissolves  also  somewhat  more 
readily  in  water  impregnated  with  carbonic  acid,  than  in  pure  water.  It 
lo»es  its  carbonic  acid  when  ignited. 

b.  Oxalate  of  lead  is  a  white  powder,  very  sparingly  soluble  in  water. 
The  presence  of  ammonia  salts  slightly  increases  its  solubility  (Expt 
No.  48).  When  heated  in  close  vessels,  it  leaves  suboxide  of  lead ;  bul 
when  heated,  with  access  of  air,  yellow  oxide  (protoxide). 

c.  Oxide,  or  protoxide  of  lead^  produced  by  igniting  the  carbonate  oi 
oxalate,  is  a  lemon-yellow  powder,  inclining  sometimes  to  a  reddish  yel- 
low, or  to  a  pale  yellow.  When  this  yellow  oxide  of  lead  is  heated^  it 
assumes  a  brownish-red  color,  without  the  slightest  variation  of  weight. 
It  fuses  at  an  intense  red  heat  Ignition  with  charcoal  reduces  it.  When 
exposed  to  a  white  heat,  it  rises  in  vapor.  Placed  upon  moist  reddened 
litmus  paper,  it  changes  the  color  to  blue.  When  exposed  to  the  air, 
it  slowly  absorbs  carbonic  acid.  Mixed  with  chloride  of  ammonium  and 
ignited,  it  is  converted  into  chloride  of  lead.  Oxide  of  lead  in  a  state 
of  fusion  readily  dissolves  silicic  acid  and  the  earthy  bases  with  which 
the  latter  may  be  combined. 
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d,  Stdphaie  of  lead  is  a  heavy  white  powder.  It  dissolves,  at  the 
common  temperature,  in  22800  parts  of  pure  water  (Expt.  No.  49)  ;  it  is 
less  soluble  still  in  water  containing  sulphuric  acid  (one  part  i-equiring 
3G500  parts — Expt.  No.  50) ;  it  is  far  more  readily  soluble  in  water  con- 
taining ammoniacai  salts;  from  this  solution  it  may  be  precipitated  again 
by  adding  gulphuiic  acid  in  excess  (Expt.  No.  51).  It  is  almost  entirely 
insoluble  in  alcohol  and  spirit  of  wine.  Of  the  salts  of  ammonia,  the 
nitrate,  acetate,  and  tartrate  are  more  especially  suited  to  serve  as  sol- 
vents for  sulphate  of  lead :  the  two  latter  salts  of  ammoxua  are  made 
strongly  alkaline  by  addition  of  ammonia,  previous  to  use  (Wackek- 
rodek).  Sulphate  of  lead  dissolves  in  concentrated  hydrochloric  acid, 
upon  heating.  In  uitiic  acid  it  dissolves  the  more  readily,  the  more 
concentrated  and  hotter  the  acid  ;  water  fails  to  precipitate  it  from  its 
solution  in  nitric  acid  ;  but  the  addition  of  a  copious  amount  of  dilute 
sulphuric  acid  causes  its  precipitation  from  this  solution.  The  more  nitric 
acid  the  solution  contains,  the  more  sulphuric  acid  is  required  to  throw 
down  the  sulphate  of  lead.  -  Sulphate  of  lead  dissolves  spaiingly  in  con- 
centraled  sulphuric  acid,  and  the  dissolved  portion  precipitates  again  upon 
diluting  the  acid  with  water  (more  completely  upon  addition  of  alcohol). 
A  moderately  concentrated  solution  of  hyposulphite  of  soda  dissolves  the 
sulphate  of  lead  completely  even  if  cold,  more  readily  if  warmed ;  on  boil- 
ing, the  solution  becomes  black  from  separation  of  a  small  quantity  of 
sulphide  of  lead  (J.  Lowe  *).  The  solutions  of  carbonates  and  bicar- 
bonates  of  the  alkalies  convert  sulphate  of  lead,  even  at  the  common 
temperature,  completely  into  carbonate  of  lead.  The  solutions  of  the 
carbonates,  but  not  those  of  the  bicarbonates,  dissolve  some  oxide  of 
lead  in  this  process  (H.  Hose  f ).     Sulphate  of  lead  dissolves  readily  in 

•  Joum.  t  prakt.  Cheni.  74,  34a  f  ^^SS-  Annal  95,  4»6, 
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hot  solutions  of  potassa  or  soda.  It  is  unalteral  )o  in  the  air,  ;jid  at  a 
gentle  red  heat ;  when  exposed  to  a  higher  degree  of  heat,  it  fuses 
without  suffering  decomposition  (Expt.  No.  52),  provided  always  the 
action  of  reducing  gases  be  completely  excluded — for,  if  this  is  not  the 
case,  the  weight  will  continually  diminish,  owing  to  the  reduction  of 
Pb  O,  S  O3  to  Pb  S  (Erdmann  *).  Fusion  with  cyanide  of  potassium 
reduces  the  whole  of  the  lead  to  the  metallic  state. 

PbO lll-oO  73-60 

S  Da 40-00  26-40 


151-50  100-00 

e.  Sulphide  of  lead^  prepared  in  the  wet  way,  is  a  black  precipitate, 
insoluble  in  water,  dilute  ac^ids,  alkalies,  and  alkaline  sulphides.  In  pre* 
cipitating  it  from  a  solution  containing  free  hydrochloric  acid,  it  is 
necessary  to  dilute  plentifully,  otherwise  the  precipitation  will  be  incom- 
plete. Even  if  a  fluid  only  contain  2*5  per  cent.  H  CI,  the  whole  of  the 
lead  will  not  be  precipitated  (M.  Martin  f ).  It  is  unalterable  in  the 
air ;  it  cannot  be  diied  at  100°  without  suffering  decomposition.  Ac- 
cording to  H.  Rose  it  increases  ]>ercej)tibly  in  weight  by  oxidation ;  in 
the  case  of  long-protracted  drying  even  becoming  a  few  per  cents. 
heavier.J  I  have  confirmed  his  statement  (see  Expt.  No.  53).  If  sul- 
phate of  lead  mixed  with  sulphur  be  tj^posed  in  a  current  of  hydiogen 
to  a  good  red  heat,  pure  crystalline  Pb  S  remains ;  if  a  less  heat  be 
employed,  the  residue  contains  excess  of  sulphur  (H.  Ro8E§).  [Accord- 
ing to  SoucHAY,||  sulphide  of  lead  is  obtained  pure  by  ignition  with  excess 
of  sulphur  in  hydrogen,  if  only  the  lower  one-fourth  of  the  crucible  be 
heated  to  redness  for  5-10  minutes.  The  results  were  rather  too  low 
than  too  hif^h.l  It  dissolves  in  concentrated  hot  hydrochloric  acid, 
with  evolution  of  sulphurettecrhydrogen.  In  moderately  strong  nitric 
acid,  sulphide  of  lead  dissolves,  upon  the  application  of  heat,  with  sepa- 
ration of  sulphur ; — if  the  acid  is  rather  concentrated,  a  small  portion  of 
sulphate  of  lead  is  alFo  formed.  Fuming  nitric  acid  acts  energetically 
upon  sulphide  of  lead,  and  converts  it  into  sulphate  without  separation 
of  sidphur. 

Pb 103-50  86-61 

S 16-00  13-39 


119-50  100-00 

f  For  the  composition  and  properties  of  cliromate  of  lead-,  see  chromic 
acid,  §  93,  2. 

§84. 

3.  Suboxide  op  Mercury;  and  4.  Oxide  op  Mercury. 

Mercury  is  weighed  either  in  the  metallic  state,  as  8UBChix)ride,  at 
as  sulphide,  or  occasionally  also  as  oxide. 

a.  Metallic  mercuiry,  when  pure,  presents  a  perfectly  bright  surface 


>»  JooriL  f  prakt.  Ghem.  62,  381.  f  Joum.  f.  prakt.  Chein,  07,  874. 

t  Pogff.  AnnaL  91,  110  ;  and  110,  134  §  Pogsr.  Annal  110,  185. 
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It  is  unalterable  in  the  air  at  the  common  tempera!  ire.  It  boils  af 
360°.  It  evaporates,  but  very  slowly,  at  summer  temperatures.  Upon 
long-continned  boiling  with  water,  a  small  portion,  of  mercuiy  volatilizes, 
and  ti^aces  escape  along  with  the  aqueous  vapor,  whilst  a  veiy  minute 
proportion  remains  suspended  (not  dissolved)  in  the  water  (oomp.  Expt. 
No.  54).  This  suspended  portion  of  mercury  subsides  completely  after 
long  standing.  Wlien  metallic  mercury  is  precipitated  from  a  fluid,  in 
a  very  minutely  divided  state,  the  small  globules  will  readily  unite  inti 
a  large  one  if  the  mercury  be  perfectly  pure ;  but  even  the  slightest  tince 
of  extraneous  matter,  such  as  fat,  Ac,  adhering  to  the  mercury  will  pre- 
vent the  union  of  the  globules.  Mercury  does  not  dissolve  in  hydro- 
chloric acid,  not  even  in  concentrated ;  it  is  barely  soluble  in  dilute  cold 
sulphuric  acid,  but  dissolves  readily  in  nitric  acid,  and  in  boiling  con- 
centi-ated  sulphuric  acid. 

b,  SuhcJdoride  of  mercury^  prepared  in  the  wet  way,  is  a  heavy  white 
powder.  It  is  almost  absolutely  insoluble  in  cold  water  ;  in  boiling  water 
it  is  gi-adually  decomposed,  the  water  taking  up  chlorine  and  mei"cury ; 
upon  continued  boiling,  the  residue  acquires  a  gray  color.  Highly  dihite 
hydrochloric  acid  fails  to  dissolve  subchloiide  of  mercury  at  the  common 
temperature,  but  dissolves  it  slowly  at  a  higher  tempei-ature  ;  upon  ebulli- 
tion, with  access  of  air,  the  whole  of  the  subchloride  is  gradually  di&solved 
by  the  dilute  acid:  the  solution  contains  chlonde  of  mercury  (Hgj  C1+ 
H  CI  f  0=2  Hg  Cl-HH  O).  Subchloride  of  mercury,  when  acted  upon 
by  boiling  concentrated  hydrochloric  acid,  is  leather  speedily  decomposed 
into  mercury,  which  remains  undissolved,  and  cliloride  of  mercury,  which 
dissolves.  Boiling  nitric  acid  dissolves  subchloride  of  mercury,  and  con- 
verts it  into  chloride  and  nitrate  of  mercury.  Chloiine  water  and  nitro- 
hydrochloric  acid  dissolve  it  to  chloride,  even  in  the  cold.  Solutions  of 
alkaline  chlorides  decompose  subchloride  of  mercuiy  into  metallic  mer- 
cury and  chloride  of  mercury,  which  lattS*  dissolves ;  at  a  low  tempera- 
ture, this  decomposition  is  confined  to  a  small  portion  of  the  subchloride, 
but  the  application  of  heat  promotes  the  decomposing  action  of  these 
solutions.  Subchloride  of  mercury  does  not  affect  vegetable  colors ;  itia 
unalterable  in  the  air,  and  may  be  dried  at  100®,  without  suffering  any 
diminution  of  weight ;  when  exposed  to  a  higher  degree  of  heat,  though 
still  below  redness,  it  volatilises  completely,  without  previous  fusion. 

Hg, • 200-00         84-94 

CI 36-46         16-06 


235-46       100-00 

c.  Srilphide  of  ruerctiry^  prepared  in  the  wet  way,  is  a  black  powder, 
insoluble  in  water.  Dilute  hydrochloric  and  dilute  nitric  acid  fail  to 
dissol  ve  it,  and  it  remains  insoluble  even  in  boiling  hydrochloric  acid  ;  it 
is  only  very  slightly  soluble  in  hot  concenti*ated  nitric  acid,  but  it  dis- 
solves readily  in  nitrohydrochloric  acid.  From  a  solution  of  chloride  of 
mercury,  containing  much  free  hydrochloric  acid,  the  whole  of  the  metal 
cannot  be  precipitated  by  means  of  sulphuretted  hydrogen,  as  Hg  S, 
until  the  solution  is  properly  diluted.  Should  such  a  solution  be  very 
concentrated,  subchloride  of  mercury  and  sulphur  are  precipitated  (At. 
M ABTiN  *).     Solution  of  potassa,  even  boiling,  fails  to  dissolve  it.     It 

*  Journ.  f.  prakt.  Chem.  67^  870. 
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diBsolves  in  sulphide  of  potassium,  but  readily  only  in  presence  of 
free  alkali  (Expt.  No.  55).  Sulphide  of  ammonium,  cyanide  of  potas- 
sium, and  sulphite  of  soda  do  not  dissolve  it.  On  account  of  the  solu- 
bility of  sulphide  of  mercury  in  sulphide  of  potassium,  it  is  impossible  to 
precipitate  mercury  by  means  of  sulphide  of  ammonium  completely  from 
solutions  containing  hydrate  or  carbonate  of  potassa  or  soda.  In  the  air 
it  is  unalterable,  even  in  the  moist  state,  and  at  100°.  When  exposed 
to  a  higher  temperature,  it  sublimes  completely  and  unaltered. 

Hg 100-00         86-21 

S 16-00         13-79 


116-00       100-00 

d.  Oxide  of  mercv/ry^  prepared  in  the  dry  way,  is  a  crystaiJine  brick- 
colored  powder,  which,  when  exposed  to  the  action  of  heat,  changes  to  the 
color  of  cinnabar,  and  subsequently  to  a  violet-black  tint.  It  bears  a 
tolerably  strong  heat  without  suffering  decomposition ;  but,  when  heated 
to  incipient  redness,  it  is  decomposed  into  mercury  and  oxygen ;  perfect- 
ly pure  oxide  of  mercury  leaves  no  residue  upon  continued  exposure  to 
a  red  heat.  The  escaping  fumes  also  sliould  not  redden  litmus  paper. 
Water  takes  up  a  trace  of  oxidu  of  mercury,  acquiring  thereby  a  very 
weak  alkaline  reaction.    Hydrochloric  or  nitric  acid  dissolves  it  readily. 

Hg 100-00         92-59 

O 8-00  7-41 
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§85. 
5.  Oxide  of  Copper. 

Copper  is  usually  weighed  in  the  metallic  state,  or  in  the  form  of 
OXIDE,  or  of  SUBSULPHIDE.  Besides  these  forms,  we  have  to  examine  the 
SULPHIDE,  the  SUBOXIDE,  and  the  subsulphocyanide. 

a.  Copper  fuses  only  at  a  white  heat.  Exposure  to  dry  air,  or  to 
moist  air,  free  from  carbonic  acid,  leaves  the  fused  metal  unaltered ;  but 
upon  exposure  to  moist  air  impregnated  with  carbonic  acid,  it  becomes 
gradually  tarnished  and  coated  with  a  film,  first  of  a  blackish-gray,  finally 
of  a  bluish-green  color.  Precipitated  finely  divided  copper,  in  contact 
vrith  water  and  air,  oxidizes  far  more  quickly,  especially  at  an  elevated 
temperature.  On  igniting  copper  in  the  air,  a  layer  of  black  oxide  forms  on 
its  surface.  Hydrochloric  acid  fails  to  dissolve  it,  even  upon  boiling,  if  the 
air  is  excluded ;  but  with  free  access  of  air  it  dissolves  it  slowly.  Copper 
dissolves  readily  in  nitric  acid.  In  ammonia  it  dissolves  slowly  if  free 
access  is  given  to  the  air  ;  but  it  remains  insoluble  in  that  menstruum  if 
the  air  is  excluded.  Metallic  copper  brought  into  contact  in  a  closed  vessel 
iwrith  solution  of  chloride  of  copper  in  hydrochloric  acid,  or  with  an  ammo- 
niacal  solution  of  oxide  of  copper,  reduces  the  chloride  to  subchloride,  or 
the  oxide  to  suboxide,  an  equivalent  of  metal  being  dissolved  for  every 
equivalent  of  chloride  or  oxide. 

6.    Oxide  of  copper, — H  a  dilute,  cold,  aqueous  solution  of  a  salt  of 
oxide  of  copper  is  mixed  with  solution  of  potassa  or  soda  in  excess,  a 
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light  blue  precipitate  of  hydrated  oxide  of  copper  (Cu  O,  H  O)  is 
formed,  which  is  difficult  to  wash.  If  the  precipitate  be  left  in  the  fluid 
from  which  it  has  beeu  precipitated,  it  will  gradually  become  brownish 
black,  and  pj«s  into  3  Cu  O,  H  O  (Harms  *). 

This  transformation  is  immediate  upon  heating  the  fluid  nearly  to 
boiling.  The  fluid  filtered  ofl"  from  the  black  precipitate  is  free  from 
copper.  If  the  solutions  in  question  are  mixed  in  a  concentrated  state, 
in  addition  to  the  formation  of  the  blud  precipitate,  the  fluid  itself  ac- 
quires a  blue  color,  owing  to  a  portion  of  very  minutely  divided  hy- 
drated oxide  remaining  suspended  in  it.  From  a  fluid  of  this  descrip- 
tion protracted  boiling  will  fail  to  precipitate  all  the  copper ;  after  dilu- 
tion with  water,  the  object  is  readily  attained.  If  a  solution  of  a  salt 
of  copper  contains  non- volatile  organic  substances,  the  addition  of  al- 
kali in  excess  will,  even  upon  boiling,  fail  to  precipitate  the  whole  of  the 
copper  as  oxide.  The  hydrate  (3  Cu  O,  H  O)  precipitated  with  potassa  or 
soda  from  hot  dilute  solutions  may  be  completely  freed  from  the  preci- 
pitant by  washing  with  boiling  water.  Oxide  of  copper,  prepared  by 
igniting  the  hydrate  or  carbonate  or  niti*ate  of  copper,  Ls  a  brownish- 
black,  or  black  powder,  which  remains  unaltered  upon  strong  ignition 
over  the  gas-  or  spirit-lamp,  provided  all  reducing  gases  be  excluded 
(Expt.  No.  59).  It  is  voiy  readily  reduced  by  ignition  with  charcoal, 
or  reducing  gases ;  heated  in  the  air,  the  reduced  copper  re-oxidizes. 
Mixed  with  sulphur  and  ignited  in  a  current  of  hydrogen,  towards  the  end 
strongly,  the  oxide  of  copper  passes  into  subsulphide  (Cu.,  S ;  H.  Hose). 
Oxide  of  coj)per,  in  contact  with  the  atmosphere,  absorbs  water ;  oxide 
that  has  been  but  slightly  ignited  absorbs  the  water  more  rapidly  than  such 
as  has  been  strongly  ignited  (Expt.  No.  57).  Oxide  of  copper  is  nearly 
insoluble  in  water ;  but  it  dissolves  readily  in  hydrochloric  acid,  nitric 
acid,  &c, ;  less  readily  in  ammonia.,    It  does  not  aflect  vegetable  colors. 


Cu 

0 

.....     31-70 
8-00 

79-85 
20-15 

39-70  100-00 

c,  Sulj)hid^  of  coppery  prepared  in  the  wet  way,  is  a  brownish-black, 
or  black  precipitate,  almost  absolutely  insoluble  in  water ;  f  when  the 
recently  prepared  precipitate,  in  a  moist  state,  is  exposed  to  the  air,  it 
acquires  a  greenish  tint  and  the  property  of  reddening  litmus  paper, 
sulphate  of  copper  being  formed.  Hence  it  must  be  washed  with  water 
containing  sulphuretted  hydrogen.  [When  digested  near  the  boiling 
point  for  many  hours,  with  addition  of  sulphuretted  hydrogen  if  needful, 
it  is  permanent  in  air,  and  may  be  washed  with  hot  water  without  dan- 
ger of  oxidation.]  Sulphide  of  copper  dissolves  readily  in  boiling  nitric 
acid,  with  separation  of  sulphur.  Hydrochloric  acid  dissolves  it  with 
difficulty.  This  is  the  reason  why  suli)hurett^d  hydrogen  precipitates  cop- 
per entirely  from  solutions  which  contain  even  a  very  large  amount  of  free 
hydrochloric  acid  (Grundmanx  J).     Only  when  we  dissolve  a  copper  salt 


*  Arch,  der  Pharm.  139,  85. 

f  In  some  experiments  that  I  made  when  examining  the  Weilbach  water 
I  found  that  about  950000  parts  of  water  are  required  to  dusolve  1  part  of 
Cu  S. 

{  Joum.  f.  prakt  Chem  73,  241. 
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straight  in  pure  hydrochloric  acid  of  I'l  sp.  gr.  does  any  copper  remain 
unprecipitated  (M.  Martin  ♦).  It  does  not  dissolve  in  solutions  of  po- 
tajBsa  and  of  sulphide  of  potassium,  particularly  if  these  solutions  be 
boiling;  but  it  dissolves  perceptibly  in  sulphide  of  ammonium,  and 
readily  in  cyanide  of  potassium.  Upon  intense  ignition  in  a  curi*ent 
of  hydrogen  gas  it  is  converted  into  pure  Coj  S. 

d.  Suboxide  of  copper, — If  the  blue  solution  which  is  obtained  u])on  add- 
ing to  solution  of  oxide  of  copper  tartaric  acid  and  then  solution  of  soda  in 
excess,  is  mixed  with  solution  of  grape  sugar  or  sugar  of  milk,  and  heat 
applied,  an  orange-yellow  precipitate  of  hydrated  suboxide  of  copj)er  is 
formed,  which  contains  the  whole  of  the  copper  originally  present  in  the 
solution,  and  after  a  short  time,  more  particularly,  upon  the  api>li cation 
of  a  somewhat  strong  heat,  turns  red,  owing  to  the  conversion  of  the 
hydrate)  into  anhydrous  suboxide  (Cu,  O).  The  precipitate,  which  is 
insoluble  in  water,  retains  a  portion  of  alkali  with  considerable  tena- 
city. When  acted  upon  with  dilute  sulphuric  acid,  it  gives  sulphate 
of  copper,  which  dissolves,  and  metallic  copper,  which  separates. 

e.  Stthmdpliocyanide  of  copper  (Cu^,  Cy  S.^),  formed  when  sulpho- 
cyanide  of  potassium  is  added  to  a  solution  of  oxide  of  copper,  mixed 
with  sulphurous  or  hypophosphorous  acid,  is  a  white  precipitate  insolu- 
ble in  water,  and  in  dilute  hydrochloric  or  sulphuric  acid.  On  drying 
the  salt  retains  water,  and  is,  therefore,. not  adapted  for  dii*ect  weighing. 
When  mixed  with  sulphur  and  ignited  in  hydrogen,  it  yields  Cug  S. 

f.  Subsvlphide  of  copper  separates  from  hot  dilute  acid  solutions  on 
addition  of  hyposulphite  of  soda^  as  a  black  precipitate  that  may  be 
washed  without  risk  of  oxidation.  When  produced  by  heating  Cu  S  in 
a  current  of  hydrogen  gas,  or  Cu,,  Cy  Sj,  with  sulphur,  it  is  a  grayish- 
black  mass,  which  may  be  ignited  and  fused,  without  suffering  decompo- 
sition, if  the  air  is  excluded. 
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6.  Teroxide  of  Bismuth.. 

Bismuth  is  weighed  in  the  form  of  teroxide  or  as  chromate  (Bi  0„ 
2  Cr  Oj).  Besides  these  compounds,  we  have  to  study  here  the  basic 
CAJiBONAtE,  the  BASIC  NITRATE,  and  the  tersulphide. 

Ow  Teroxide  of  bismuth^  prepared  by  igniting  the  carbonate  or  niti-ate, 
is  a  pale  lemon-yellow  powder  which,  under  the  influence  of  heat,  as- 
sumes transiently  a  dark  yellow  or  reddish-brown  color.  When  heated 
to  intense  redness,  it  fuses,  without  alteration  of  weight.  Ignition 
with  charcoal,  or  in  a  current  of  carbonic  oxide  gas,  reduces  it  to  the 
metallic  state.  Fusion  with  cyanide  of  potassium  also  effects  its  com- 
plete reduction  to  the  metallic  state  (H.  Hose  f).  It  is  insoluble  in 
water,  and  does  not  affect  vegetable  colors.      It  dissolves  readily  ic 

*  Joom.  f.  prakt  Gh«iii.  67,  375. 
t  Ibid  61,  188 
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those  acids  which  form  soluble  salts  with  it.  When  ignited  with 
chloride  of  ammonium  it  gives  metallic  bismuth,  the  reduction  beinfl 
attended  with  deflagration. 

Bi 208  89-655 

O, 24  10-345 
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h.  Carbonate  of  bismuth. — Upon  adding  carbonate  of  ammonia  in 
excess  to  a  solution  of  bismuth,  free  from  hydrochloric  acid,  a  white 
precipitate  of  carbonate  of  bismuth  (Bi  O3,  C  Og)  is  immediately  formed ; 
part  of  this  precipitate,  however,  redissolves  in  the  excess  of  the  pre- 
cipitant. But  if  the  fluid  with  the  precipitate  be  heated  before  flltra- 
tion,  the  filtrate  will  be  free  from  bismuth.  (Carbonate  of  potassa  like- 
\vise  precipitates  solutions  of  bismuth  completely ;  but  the  precipitate 
in  this  case  invariably  contains  traces  of  potassa,  which  it  is  very  diffi- 
cult to  remove  by  washing.  Carbonate  of  soda  precipitates  solutions  of 
bismuth  less  completely  than  the  carbonates  of  ammonia  and  potassa.) 
The  precipitate  obtained  by  means  of  carbonate  of  ammonia,-  is  easily 
washed ;  it  is  very  nearly  insoluble  in  water,  but  dissolves  readily,  with 
effervescence,  in  hydrochloric  acid  and  nitric  acid.  Upon  ignition  it 
loses  its  carbonic  acid,  leaving  teroxide  of  bismuth. 

c.  The  basic  nitrate  of  bismuth,  which  is  obtained  by  mixing  with 
water  a  solution  of  the  nitrate  containing  little  or  no  free  acid,  presents 
the  appearance  of  a  white,  crystalline  powder.  It  cannot  be  washed 
with  pure  cold  water,  without  suflfSring  a  decided  alteration.  It  becomes 
more  basic,  while  the  washings  show  an  acid  reaction,  and  contain  bis- 
muth. If  the  basic  salt,  however,  be  washed  with  cold  water  contain- 
ing j^-^  of  nitrate  of  ammonia,  no  bismuth  passes  through  the  filter. 
The  solution  of  niti*ate  of  ammonia  must  not  be  warm.  These  remarks 
only  apply  in  the  absence  of  free  nitric  acid  (J.  Lowe*).  On  ignition 
the  basic  nitrate  passes  into  the  pure  teroxide. 

d.  Chromate  of  bismuth  (Bi  O3,  2  Cr  O3),  which  is  produced  by  add- 
ing bichromate  of  potassa,  slightly  in  excess,  to  a  neutral  solution  of 
nitrate  of  bismuth,  is  an  orange-yellow,  dense,  readily-subsiding  precipi- 
tate, insoluble  in  water,  even  in  presence  of  some  free  chromic  acid,  but 
doluble  in  hydrochloric  acid  and  nitric  acid.  It  may  be  dried  at  from 
100**  to  112*^,  without  suffering  decomposition  (Lowe  f). 


Bi  0, 
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69-78 
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. . .     100-48 

30-22 

332-48  100-00 

e,  ,Tersulphide  of  bismuth,  prepared  in  the  wet  way,  is  a  brownish- 
black,  or  black  precipitate,  insoluble  in  water,  dilute  acids,  alkalies,  sd- 
kaline  sulphides,  sulphite  of  soda,  and  cyanide  of  potassium.  In  mod- 
erately concentrated  nitric  acid  it  dissolves,  especially  on  warming,  to 
nitrate,  with  sepai-ation  of  sulphiur.  Hence  in  precipitating  bismuth 
from  a  nitric  acid  solution,  care  should  be  taken  to  dilute  sufliciently. 
Hydrochloric  acid  impedes  the  precipitation  of  bismuth  by  sulphuretted 
hydrogen  only  when  a  very  large  excess  is  present,  and  the  fluid  is  quite 

•  Joum.  f.  prakt  Chem.  74,  341.  \  Ibid.  67,  291. 
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conceDlrated.     The  sulphide  does  not  change  in  the  air.     Dried  at  100^ 
it  continually  takes  up  oxygen  and  increases  slightly  in  weight ;  if  the 
drying  is  protracted  this  increase  may  be  considerable  (Expt.  No.  58) 
Fused  with  cyanide  of  potassium,  it  is  completely  reduced  (H.  Rose) 
Reduction  takes  place  more  slowly  by  ignition  in  a  current  of  hydrogen. 
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§87. 

7.  Oxide  op  Cadmium. 

Gadminm  is  weighed  either  as  oxide  or  as  sulphide.  Besides  these 
substances,  we  have  to  examine  carbonate  of  cadmium. 

a.  Oxide  of  cadmium^  produced  by  igniting  the  carbonate  or  nitrate 
of  cadmium,  is  a  powder,  the  color  of  which  varies  fipom  yellowish  brown 
to  reddish  brown.  The  application  of  a  white  heat  fails  to  fuse,  volati- 
lize, or  decompose  it ;  it  is  insoluble  in  water,  but  dissolves  readily  in 
acids ;  it  does  not  alter  vegetable  colors.  Ignition  with  charcoal,  or  in 
a  current  of  hydrogen,  carbonic  oxide,  or  carburetted  hydrogen,  reduces 
it  readily,  the  metallic  cadmium  escaping  in  the  form  of  vapor. 


Cd 
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5.  Carbonate  of  cadmium  is  a  white  pi-ecipitate,  insoluble  in  water 
and  in  the  fixed  alkaline  carbonates,  and  extremely  sparingly  soluble  in 
carbonate  of  ammonia.  It  loses  its  water  completely  upon  desiccation. 
Ignition  converts  it  into  oxide. 

c.  Svlphide  of  cadmiumy  produced  in  the  wet  way,  is  a  lemon-yellow 
to  orange-yellow  precipitate,  insoluble  in  water,  dilute  acids,  alkalies, 
alkaline  sulphides,  sulphite  of  soda,  and  cyanide  of  potassium  (Expt. 
No.  59).  It  dissolves  readily  in  concentrated  hydrochloric  acid,  with 
evolution  of  sulphuretted  hydrogen.  In  precipitating,  therefore,  with 
sulphuretted  hydrogen,  a  cadmium  solution  should  not  contain  too 
much  hydrochloric  acid,  and  should  be  sufficiently  diluted.  The  sulphide 
dissolves  in  moderately  concentrated  nitric  acid,  with  separation  of  sul- 
phur. It  may  be  washed,  and  dried  at  100°  or  105°,  without  under- 
going decomposition.  Even  on  gently  igniting  the  sulphide  of  cadmium 
la  a  current  of  hydrogen,  it  volatilizes  in  appreciable  amount  (H.  Rose*), 
|iartially  unchanged,  partially  as  metallic  vapor. 

Cd 5600  77-78 

S 1600  22-22 


7200  100-00 


*  Pogg.  AnnaL  110, 184. 
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METALLIC   OXIDES   OF  THE   SIXTH   QKOUP. 

§88, 

1.  Teroxide  OF  Gold. 

Gold  is  always  weighed  in  the  metallic  state.  Besides  metallic  gold 
WQ  have  to  consider  the  tersulphide. 

a.  Metallic  goldy  obtained  by  precipitation,  presents  the  appearance  of 
a  blackish-brown  powder,  destitute  of  metallic  lustre,  which  it  "assumes, 
however,  upon  pressure  or  friction ;  when  coherent  in  a  compact  mass, 
it  exhibits  the  well-known  bright  yellow  color  peculiar  to  it.  It  fuses - 
only  at  a  white  heat,  and  resists,  accordingly,  all  attempts  at  fuidou  over 
a  spirit-lamp.  It  remains  wholly  unaltei^d  in  the  air  and  at  a  red  heat, 
and  is  not  in  the  slightest  degree  affected  by  water,  nor  by  any  simple 
acid.     Nitrohydrochloric  acid  dissolves  it  to  terchloride. 

b.  Tersulphide  of  gold, — When  sulphuretted  hydrogen  is  transmitted 
through  a  cold  dilute  solution  of  terchloride  of  gold,  the  whole  of  the 
gold  separates  as  tersulphide  (Au  S3),  in  form  of  a  brownish-black  pre- 
cipitate. If  this  precipitate  is  left  in  the  fluid,  it  is  gradually  transformed 
into  metallic  gold  and  free  sulphuric  acid.  Ui>on  transmitting  sulphuret- 
ted hydrogen  thix)ugh  a  warm  solution  of  terchloride  of  gold,  a  protosul- 
phide  ( Au  S)  precipitates,  with  simultaneous  formation  of  sulphuric  and 
hydrochloric  acids. 

(2  Au  Cl,-f  3  H  S-l-3  H  0=2  Au  S-f6  H  Cl-hS  O,.) 

The  tersulphide  is  insoluble  in  water,  hydrochloric  acid,  and  nitric 
acid,  but  dissolves  in  nitrohydrochloric  acid.  The  colorless  sulphide  of 
ammonium  fails  to  dissolve  it ;  but  it  dissolves  almost  entii'ely  in  the 
yellow  sulphide  of  ammonium,  and  completely  upon  addition  of  potassa. 
It  dissolves  in  potassa,  with  separation  of  gold.  Yellow  sulphide  of 
potassium  dissolves  it  completely.  Exposure  to  a  moderate  heat  reduces 
it  to  the  metallic  state. 

§89. 

2.  Binoxide  of  Platinum. 

Platinum  is  invariably  weighed  in  the  metallic  state  ;  it  is  generally 
precipitatcid  as  bichloride  of  platinum  and  chloride  of  ammonium, 

or  as   BICHLORIDE   OF   PLATINUM   AND   CHLORIDE   OF   POTASSIUM,  larely  aS 
BISULPHIDE   OF   PLATINUM. 

a.  Metallic  platvnumy  produced  by  igniting  the  bichloride  of  platinum 
and  chloride  of  ammonium,  or  the  bichloride  of  platinum  and  chloride 
of  potassium,  presents  the  appearance  of  a  gray,  lustreless,  porous  mass 
(spongy  platinum).  The  fusion  of  platinum  can  be  eifected  only  at  the 
veiy  highest  degrees  of  heat.  It  remains  wholly  unaltered  in  the  air« 
and  even  the  most  intense  heat  of  our  furnaces  fails  to  affect  it.  It  is 
not  attacked  by  water,  or  simple  acids,  and  scarcely  by  aqueous  solutions 
of  the  alkalies.     Nitrohydroohlonc  acid  dissolves  it  to  bichloride. 

b.  The  properties  of  bichloride  of  platinum  and  chloride  of  potaasiuniy 
and  those  of  bicldoride  ofpUUinum  and  cJdoride  of  ammonium^  have  beeii 
given  already  in  §§  68  and  70  respectively. 

c.  JBisulphide  ofpUUinum. — ^When  a  concentrated  solution  of  bichlo* 
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ride  of  platinum  is  mixed  with  sulphuretted  hydrogen  water,  or  when 
sulphuretted  hydrogen  gas  is  transmitted  through  a  rather  dilute  solu- 
tion of  the  bichloride,  no  precipitate  forms  at  first ;  after  standing  some 
time,  however,  the  solution  turns  brown,  and  finally  a  precipitate  sub- 
sides. But  if  the  mixture  of  solution  of  bichloride  of  platinum  with 
stdphuretted  hydrogen  in  excess,  is  gradually  heated  (finally  to  ebulli- 
tion), the  whole  of  the  platinum  separates  as  bisulphide  (free  from  any 
admixture  of  bichloride^.  The  bisulphide  of  platinum  is  insoluble  in 
water  and  in  simple  acias ;  but  it  dissolves  in  nitrohydrochloric  acid. 
It  dissolves  partly  in  caustic  alkalies,  with  separation  of  platinum,  and 
completely  in  alkaline  sulphides.  When  sulphuretted  hydrogen  is  trans- 
mitted through  water  holding  minutely  divided  bisulphide  of  platinum 
in  suspension,  the  bisulphide,  absorbing  sulphuretted  hydrogen,  acquires 
a  light  grayish-bix)wn  color ;  the  sulphuretted  hydrogen  thus  absorbed, 
separates  again  upon  exposure  to  the  air.  When  moist  bisuli)lude  of 
platinum  is  exposed  to  the  air,  it  is  gradually  decomposed,  being  con- 
vei-ted  into  metallic  platinum  and  sulphuric  acid.  Ignition  in  the  aii 
reduces  bisulphide  of  platinum  to  the  metallic  state. 

§90. 
3.  Teroxidb  op  Antimony. 

Antimony  is  weighed  as  tersulphide,  as  antimonious  acid,  or  more 
rarely  in  the  metallic  state. 

a.  Upon  transmitting  sulphuretted  hydrogen  through  a  solution  of 
terchloride  of  antimony  mixed  with  tartaric  acid,  an  orange-red  pre- 
cipitate of  amorphous  tersvlphide  is  obtained,  mixed  at  first  with  a  small 
portion  of  basic  terchloride  of  antimony.  However,  if  the  fluid  is  thor- 
oughly saturated  with  sulphuretted  hydrogen,  and  a  gentle  heat  applied, 
the  terchloride  mixed  with  the  precipitate  is  decomposed,  and  the  pure 
tersulphide  of  antimony  obtained.  Tersulphide  of  antimony  is  insoluble 
in  water  and  dilute  acids  ;  it  dissolves  in  concentrated  hydrochloric  acid, 
with  evolution  of  sulphuretted  hydrogen.  In  precipitating  with  sul- 
phuretted hydrogen,  therefore,  antimony  solutions  should  not  contain 
too  much  free  hydrochloric  acid,  and  should  be  sufficiently  diluted.  The 
amorphous  tersulphide  dissolves  readily  in  potasaa,  sulj)hide  of  ammo- 
nium, and  sulphide  of  potassium,  s])aringly  in  ammonia,  very  slis^htly  in 
carbonate  of  ammonia,  and  not  at  all  in  bisulphite  of  j)otasf>a.  The  amor- 
phous sulphide,  dried  in  the  desiccator  at  the  ordinary  temperature, 
loses  veiy  little  weight  at  100° ;  if  kept  longer  at  this  latter  teini)erature, 
its  weight  remains  constant.  But  it  still  retains  a  little  water,  which 
does  not  perfectly  escape  even  at  190°,  but  at  200°  the  sulphide  becomes 
anhydrous,  turning  black  and  crystalline  (H.  Rose*  and  Expt.  No.  60). 
Ignited  gently  in  a  stream  of  carbonic  acid,  the  weight  of  this  anhydrous 
mdphide  remains  constant ;  in  a  very  intense  heat,  a  small  amount  vola- 
tilizes. The  amorphous  sulplude,  if  long  exposed  to  the  action  of  air, 
in  presence  of  water,  slowly  takes  up  oxygen,  so  t-hat  on  treatment  with 
tartaric  acid  it  yields  a  filtrate  containing  teroxide. 

The  sulphides  corresponding  to  the  antimonious  and  antimonic  acids 
.are  equally  insoluble  in  water,  also  in  water  containing  sulphuretted 
hydrogen.     The  pure  pentasulphide  dissolves  completely  in  ammonia, 

*  Jonm.  f.  prakt.  Chem.  59,  331. 
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especially  on  warming ;  traces  only  dissolve  in  carbonate  of  ammouiai 
On  heating  the  dried  pentasulphide  in  a  current  of  carbonic  acid  2  eq. 
of  sulphur  escape,  black  crystalline  tersulphide  remaining. 

On  treating  the  ter-  or  penta-sulphide  with  fuming  nitric  acid  violeni 
oxidation  sets  in.  We  obtain  first  antimonic  acid  and  pulverulent  8ep» 
rated  sulphur ;  on  evaporating  to  dryness,  antimonic  acid  and  sulphuric 
acid ;  and  lastly,  on  igniting,  antimonious  acid.  The  same  (antimoniout 
acid)  is  obtained  by  igniting  the  sulphide  with  30  to  50  times  its 
amount  of  oxide  of  mercury  (Buns£n  ♦).  Ignition  in  a  current  of  hy- 
drogen converts  the  sulphides  of  antimony  into  the  metallic  state. 

Sb 122-00  71-77 

S,  . . ; 48-00  28-23 


170-00  100-00 

h,  Antimonious  acid  is  a  white  powder,  which,  when  heated,  acquires 
transiently  a  yellow  tint ;  it  is  infusible ;  it  is  fixed,  provided  reducing 
gases  be  excluded.  It  is  almost  insoluble  in  water,  and  dissolves  in 
hydrochloric  acid  with  very  great  difficulty.  It  undergoes  no  alteration 
on  treatment  with  sulphide  of  ammonium.  It  manifests  an  acid  reao* 
tion  when  placed  upon  moist  litmus  paper. 

Sb 122-0  79-22 

O, 32-0  20-78 


154-0  100-00 

s.  Metallic  antimony,  produced  in  the  wet  way,  by  precipitation,  pre- 
sents the  appearance  of  a  lustreless  black  powder.  It  may  be  dried  ai 
100°  without  suffering  any  alteration.  It  fuses  at  a  moderate  red  heat. 
Upon  ignition  in  a  cuiTent  of  gas,  e.ff,  hydrogen,  it  volatilizes,  without 
formation  of  antimonetted  hydrogen.  Hydrochloric  acid  has  very  little 
action  on  it,  even  when  concentrated  and  upon  ebullition.  Nitric  acid 
converts  it  into  teroxide  of  antimony,  mixed  with  more  or  less  antimo- 
nious acid,  according  to  the  concentration  of  the  nitric  acid. 

§91. 
4.  Protoxide  op  Tin;  and  5.  Binoxide  op  Tin. 

Tin  is  generally  weighed  in  the  form  of  binoxide  ;  besides  the  binox- 
ide,  we  have  to  examine  protosulphide  and  bisulphide  op  tin. 

a.  binoxide  of  tin, — The  hydrate  of  the  binoxide  h  {hydraled  meta^ 
stannic  add)  is  obtained  in  the  form  of  a  white  pi-ecipitate,  by  the  action 
of  nitric  acid  upon  metallic  tin,  or  by  evaporating  a  solution  of  tin  with 
nitric  acid  in  excess.  This  precipitate  is  insoluble  in  water,  nitric  aoid, 
and  sulphuric  acid,  and  dissolves  but  sparingly  in  hydrochloric  acid.  It 
reddens  litmus,  even  when  thoroughly  washed.  But  if  we  precipitate 
solution  of  bichloride  of  tin  with  an  alkali,  or  with  sulphate  of  soda^  or 
nitrate  of  ammonia,  we  obtain  the  hydrate  of  the  binoxide  fl(,  which  dis- 
solves readily  in  hydrocliloric  acid.  Upon  intense  ignition,  lioth  hy- 
drates are  converted  into  ths  anhydrous  binoxide  of  tin.  More  heating 
to  redness  is  not  sufficient  to  expel  all  the  water  (Dumas  f). 

*  Azrnal.  d.  Chem.  u.  Pharm.  106,  & 
t  Ibid.  105,  104. 
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Binoxide  of  tin  is  a  straw-colored  powder,  which,  under  the  influence 
of  heat,  transiently  assumes  a  diiferent  tint,  varying  from  bright  yellow 
to  brown.  It  is  insoluble  in  water  and  acids,  and  does  not  alter  the 
color  of  litmus  paper.  Mixed  with  chloride  of  ammonium  in  excess, 
and  ignited,  it  volatilizes  completely  as  bichloride.  If  binoxide  of  tin  is 
fused  with  cyanide  of  potassium,  all  the  tin  is  obtained  in  fonn  of  metal- 
lic globules,  which  may  be  completely,  and  without  the  least  loss  of 
metal,  fireed  from  the  adhering  slag,  by  extracting  with  dilute  spirit  of 
wine  and  rapidly  decanting  the  fluid  from  the  tin  globules  (H.  Bobe  *)• 

Sn 59  78-67 

O, 16  21-33 


75  100-00 

6.  Hydrated  protosxdphids  of  tin  forms  a  brown  precipitate,  insoluble 
in  water,  sulphuretted  hydrogen  water,  and  dilute  acids.  In  precipita 
ting  tin  from  solutions  of  the  protoxide  by  means  of  sulphuretted  hy* 
drogen,  free  hydrochloric  acid  must  not  be  present  in  too  large  amount, 
and  the  solution  must  be  diluted  sufficiently.  Ammonia  fails  to  dissolve 
it ;  but  it  dissolves  pretty  readily  (as  bisulphide)  in  the  yellow  sulphide 
of  ammonium,  and  in  the  yellow  sulphide  of  potassium ;  it  dissolves 
readily  in  hot  concentrated  hydrochloric  acid.  Heated,  with  exclusion 
of  air,  it  loses  its  water  of  hydi-ation,  and  is  converted  into  anhydrous 
protosulphide  of  tin ;  when  exposed  to  the  continued  action  of  a  gentle 
heat,  with  free  access  of  air,  it  is  converted  into  sulphurous  acid,  which 
escapes,  and  binoxide  of  tin,  which  remains. 

c.  Hydraied  bisulphide  of  tin  forms  a  light-yellow  precij)itate.  In 
-washing  with  pure  water,  it  is  inclined  to  yield  a  turbid  filtrate  and  to 
stop  up  the  pores  of  the  filter ;  this  annoyance  is  got  over  by  wasliing 
iHdth  water  containing  chloride  of  sodium,  acetate  of  ammonia,  or  the 
like  (Bunsen).  On  drying,  the  precipitate  assumes  a  darker  tint.  It 
is  insoluble  in  water ;  it  dissolves  with  difficulty  in  ammonia,  but  read- 
ily in  potassa,  alkaline  sulphides,  and  hot  concentrated  hydrochloric 
add.  It  is  insoluble  in  bisulphite  of  potassa.  In  precipitating  tin  from 
solutions  of  the  binoxide  by  sulphuretted  hydrogen,  the  solution  should 
not  contain  too  much  free  hydrochloric  acid,  and  should  be  sufficiently 
diluted.  When  heated,  with  exclusion  of  air,  it  loses  its  water  of  hy- 
dration, and,  at  the  same  time,  according  to  the  greater  or  less  degree  of 
heat  applied,  one-half,  or  a  whole  equivalent  of  sulphur,  becoming  con- 
verted either  into  S4isquisulphide,  or  into  protosulphide  of  tin ;  when 
heated  very  slowly,  with  free  access  of  air,  it  is  converted  into  binoxide 
of  tin,  witii  disengagement  of  sulphurous  acid. 

§  92. 

6.  Arsenious  Acid;  and  7.  Arsenic  Acid. 

Arsenic  is  weighed  either  as  arseniate  of  lead,  as  tersulphide,  aa 
arsexiate  of  magnesia  and  ammonia,  or  as  basic  arseniate  of  sesqui- 
oxiDK  OF  IRON ;  besides  these  forms,  we  have  here  to  examine  also  ar- 

0XNIO-MOLTBDATE  OF  AMMONIA. 

a.  Ar^eMoAB  of  lead^  in  the  pure  state,  is  a  white  powder,  which  agglu* 


*  Jouzn.  1  prakt  Ghem.  61, 189. 
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tiiiates  when  exposed  to  a  gentle  red  heat,  at  the  same  timn  transitorily 
acquiring  a  yellow  tint ;  it  fuses  when  exposed  to  a  higher  degree  of  hcsiu 
When  strongly  ignited,  it  suffei-s  a  slight  diminution  of  weight,  losing  a 
small  proportion  of  arsenic  acid,  which  escapes  as  ai*senious  acid  and 
oxygen.  In  analysis  we  have  never  occasion  to  operate  upon  the  pure 
arseniate  of  lead,  but  upon  a  mixture  of  it  with  free  oxide  of  lead. 

b,  Tersulphide  of  arsenic  forms  a  precipitate  of  a  rich  yellow  color ;  it 
is  insoluble  in  water,*  and  also  in  sulphuretted  hydrogen  water.  When 
boiled  with  water,  or  left  for  several  days  in  contact  with  that  fluid,  it 
undergoes  a  very  trifling  decomposition :  a  trace  of  arsenious  acid  dis- 
solves in  the  water,  and  a  minute  proportion  of  sulphuretted  hydi-ogen  is 
disengaged.  This  does  not  in  the  least  interfere,  however,  with  the 
washing  of  the  precipitate.  The  precipitate  may  be  dried  at  100°,  with- 
out suffering  decomposition  ;  the  whole  of  the  water  which  it  contains  Ls 
expelled  at  that  temperature.  When  exposed  to  a  stronger  heat,  tei-sul- 
phide  of  arsenic  transitorily  assumes  a  brownish-red  color,  fuses,  and 
finally  rises  in  vapor,  without  suflfering  decomposition.  It  dissolves 
readily  in  alkalies,  alkaline  carbonates,  alkaline  sulphides,  bisulphite  of 
potassa,  and  nitrohydrochloric  acid  ;  but  it  is  scarcely  soluble  in  boiling 
concentrated  hydrochloiic  acid.  Bed  fuming  nitric  acid  converts  it  into 
arsenic  acid  and  sulphuiic  acid. 

As 75  60-98 

S3 48  39-02 


123  100-00 

c.  Arseniate  of  magnesia  artd  ammonia  forms  a  white,  somewhat  trans- 
parent, finely  crystallme  precipitate,  which  has  the  formula  2  Mg  O,  N  H^ 
O,  As  0«  -f  12  aq. 

At  100°,  it  loses  11  eq.  water ;  the  formula  of  the  precipitate  dried  ftt 
that  temperature  is  accordingly  2  Mg  O,  N  H4  O,  As  O5  -|-  s^.  Upon 
ignition  it  loses  its  water  and  ammonia,  and  changes  to  2  Mg  O,  As  O4. 
But  as  the  ammoniacal  gas  exercises  a  reducing  action  upon  the  arsenic 
acid,  the  new  compound  suffers  a  loss  of  weight,  which  is  the  more  con- 
siderable the  longer  the  ignition  is  continued  ;  it  amounts  to  from  4 — 12 
per  cent,  of  the  arsenic  originally  present  in  the  salt  (H.  Bose).  Arseniate 
of  magnesia  and  ammonia  dissolves  very  sparingly  in  water,  one  part  of 
the  sjdt  dried  at  100°,  renuirini^  2().')r),  one  ])}irt  of  the  anhydrous  Si\It, 
2788  parts  of  wat<<r  of  15^.  it  is  still  more  sparingly  soluble*  in  aninio- 
niated  water,  one  part  of  the  salt  dried  at  100'^  re<iuiring  15038,  one  part 
of  the  anhydrous  salt,  15786  parts  of  a  mixture  of  one  part  of  solution  of 
ammonia  (0*96  sj).  gr.),  and  3  parts  of  water  at  15°.  In  water  contain- 
ing chloride  of  ammonium,  it  is  much  more  readily  soluble,  one  part  of  tJie 
anhydrous  salt  requiring  886  parts  of  a  solution  of  one  part  of  chloude  of 
ammonium  in  7  parts  of  water.  Presence  of  ammonia  diminishes  the 
solvent  capacity  of  the  chloride  of  ammonium  solution:  one^wtriofthe 
anhydrous  salt  requires  3014  parts  of  a  mixture  of  60  parts  of  water,  10  of 
solution  of  ammonia  (0'96  sp.  gr.)  and  one  of  chloride  of  ammoniun\f 

*  In  some  experiments  which  I  had  occasion  to  make,  in  the  course  of  an  nnaly  - 
sis  of  the  springs  of  Wielbach  (Chemische  Untersuchung  der  wichtigstcn  M^aer^- 
waaeer  des  Herzogthnms  Nassau  von  Dr.  Fresenias,  V.  Schwefelquelle  xn  Weil- 
bach.  Wiesbaden,  Kreidel  und  Niedner.  1856),  I  found  that  on9  part  of  Am  3« 
diasoWes  in  abont  1  million  parts  of  water. 

f  Zeitschrift  f.  anal  Ohem.  3  206. 
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OOMPOBITION   OF  THE  ARSENIATE   OF  HAONKSIA  AN1>   AMUONlA 

DRIED   AT    100**. 

2MgO 40  21-05 

N  H,  O 26  13-68 

As  Ob    115  60-53 

HO    9  4-74 
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cL  Arseniate  of  aesquioxide  of  iron. — The  white  slimy  precipitate,  pro- 
duced by  the  action  of  ordinary  arseniate  of  soda  upon  solution  of  sesqui« 
chloride  of  iron,  has  the  composition  2  Fe^  O3,  3  H  O,  3  As  O5  -f  9  aq. 
Tt  dissolves  in  solution  of  ammonia,  imparting  a  yellow  color  to  the  fluid. 

Besides  this  compound,  there  exist  still  sevei-al  others,  with  larger  pro- 
portions of  sesquioxide  of  iron ;  thus  we  have  Fe.,  O3,  As  O^,  wliich  fallf 
down  -h  5  aq.  upon  the  precipitation  of  arsenic  acid  with  acetate  of  ses- 
quioxide of  iron  (Kotsciioubey)  ;  2  Fe^  O3,  As  O.^,  which  is  obtained  4- 
12  aq.,  when  basic  arseniate  of  protoxide  of  iron  is  oxidized  with  nitric 
acid,  and  ammonia  added ; — 16  Fe,  O3,  As  O5,  which  forms  +  24  aq., 
upon  boiling  the  less  basic  compounds  with  solution  of  potassain  excess ; 
(Berzelius).  The  two  latter  compounds  are  not  soluble  in  ammonia ;  the 
last  is  quite  like  hydrated  sesquioxide  of  iron.  [Doubtless  the  basic 
arseniate  of  sesquioxide  of  iron,  like  the  analogous  phosphate,  loses  acid 
as  long  as  it  is  washed,  and  therefore  the  precipitate  has  no  definite  com- 
position. ]  In  Bertuier^s  method  of  estimating  arsenic  acid,  we  obtain  mix- 
tures of  these  different  salts.  They  are  the  better  ada]>ted  for  the  jiurpose, 
the  more  basic  they  are  ;  being  the  moi-e  insoluble  in  ammonia,  and  at  the 
same  time  more  easily  washed.  Upon  ignition  the  water  alone  is  expelled, 
provided  the  heat  be  very  gradually  increased.  But  if  the  salt  is  suddenly 
exposed  to  a  strong  heat,  before  the  adhering  ammonia  has  escaped,  part 
of  the  arsenic  acid  is  thereby  reduced  to  arsenious  acid  (H.  Rose). 

e.  Araenio-moli/bdate  of  ammonia, — If  a  fliud  containing  arsenic  acid 
is  mixed  with  a  large  proportion  of  molybdate  of  ammonia,  and  sufHcient 
nitric  or  hydrochloric  acid  to  i-edissolve  the  precipitate  of  molybdic  acid 
which  forms  at  first,  and  the  fluid  heated  to  boiling,  a  yellow  precipitate  of 
arsenio-molybdate  of  ammonia  separates — ^provided  the  molybdicacid  be 
present  in  excess.  This  precipitate  comports  itself  with  solvents  like  the 
analogous  compound  of  phosphoric  acid  ;  it  is,  like  the  latter,  insoluble  in 
'Water,  salts,  and  free  acids,  particularly  nitric  acid,  provided  an  excess  of 
solution  of  molybdate  of  ammonia,  mixed  with  acid  in  moderate  excess, 
be  present.  Seligsohn  *  found  it  to  be  composed  of  87-666  j)er  cent,  of 
molybdic  acid,  6*308  ai-senic  acid,  4*258  ammonia,  and  1*768  water. 

J9. — ^FORMS  IN  WHICH  THE  ACIDS  ARE  WEIGHED  OR  PRECIPITATED. 

ACIDS  OF  THE  FIRST  GROUP. 

§93. 

1.  Arsenious  Acid  and  Arsenic  Acid. — See  §  92. 

2.  Chromic  Acid. 

Chromic  acid  is  weighed  either  in  the  form  of  sesquioxide,  or  in  that 
of  chromate  of  lead.  , 

*  Jouzn.  f.  prakt  Chem.  67, 481. 
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a,  Sesquioxide  of  chromium. — See  §  76. 

6.  ChroTnate  of  lecui  obtamed  by  pi-ecipitation  forms  a  bright  yellow 
precipitate,  insoluble  in  water  and  acetic  acid,  barely  soluble  in  dilute 
nitric  acid,  i*eadily  in  solution  of  potassa.  When  chroniate  of  lead  is 
boiled  with  concentrated  hydrochloric  acid,  it  is  readily  decomposed, 
chloride  of  lead  and  sesquichloride  of  chromium  being  formed.  Addition 
of  alcohol  tends  to  promote  this  decomposition.  Chromate  of  lead  is 
unalterable  in  the  air ;  it  dries  thoroughly  at  100°.  Under  the  influence 
of  heat  it  transitorily  acquires  a  i<eddish-brown  tint ;  it  fuses  at  a  red 
heat ;  when  heated  beyond  its  point  of  fusion,  it  loses  oxygen,  and  is 
transformed  into  a  mixtui-e  of  sesquioxide  of  chromium  and  basic  chro- 
mate of  lead.  Heated  in  contact  with  organic  substances,  it  readily 
yields  oxygen  to  the  latter. 

Pb  O 111-50        68-94 

CrO, 50-24         3106 
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3.  Sulphuric  Acid. 

Sulphuric  acid  is  determined  best  in  the  form  of  sulphate  of  babytAj 
for  the  properties  of  which  see  §  71. 

4.  Phosphoric  Acid. 

The  principal  forms  into  which  phosphoric  acid  is  converted  are  as  fol- 
lows : — PHOSPHATE  OF  LEAD,  PYROPHOSPHATE  OF  MAGNESIA,  BASIC  PHOS- 
PHATE OP  MAGNESIA  (3  Mg  O,  P  0^),  BASIC  PHOSPHATE  OF  SESQUIOXIDE 
OF  IRON,  PHOSPHATE  OF  SESQUIOXIDE   OF    URANIUM,  PHOSPHATE   OF   BINOX- 

IDE  OF  TIN,  and  PHOSPHATE  OF  SILVER.     Besides  these  compounds,  we 
have  to  examine  phosphate  of  suboxide  of  mercury,  and  phospho- 

MOLYBDATE  OF  AMMONIA. 

a.  The  pJwspliate  of  lead  obtained  in  the  course  of  analysis  is  rarely 
quite  pure,  but  is  generally  mixed  with  free  oxide  of  lead.  In  this  mix- 
ture we  have  accordingly  the  basic  phosphate  of  lead  (3  Pb  O,  P  O5) ;  in 
the  pure  state,  this  pi-esents  the  appearance  of  a  white  powder ;  it  is  in- 
soluble in  water  and  in  acetic  acid,  and  equally  so  in  ammonia  ;  it  dis- 
solves readily  in  nitric  acid.  When  exposed  to  the  action  of  heat,  it 
fuses,  without  undergoing  dccom])osition. 

6.  Pyrophosphate  of  magn^ia. — See  §  74. 

c,  £asic  pliosphnte  of  magnesia  (3  Mg  O,  P  Oft). — This  compound  is 
produced  by  mixing  a  solution  of  an  alkaline  phosphate,  containing 
chloride  of  ammonium,  with  magnesia,  evaporating  the  mixture,  heating 
the  residue  until  the  chloiidc  of  ammonium  is  completely  expelled,  and 
finally  treating  with  water ;  tlie  compound  so  produced  contains  an  ex- 
cess of  magnesia.  It  is  sufficient  for  our  puqiose  to  state  that  it  is  near- 
ly absolutely  insoluble  in  water  and  in  solutions  of  salts  of  the  alkalies 

(F.  R.  SCHULZE  *). 

d,  JBasic  phospJiate  of  sesquioxide  of  iroru 

If  a  solution  of  phosphoiic  acid  or  of  phos|)hate  of  lime  in  acetic  acid 
is  carefully  precipitated  with  a  solution  of  acetate  of  sesquioxide  of  iron, 
or  with  a  mixtui*e  of  iron-alum  and  acetate  of  soda,  so  that  the  iron  salt 

*  Jouzn.  f.  prakt.  Ghem.  63.  440. 
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may  j  list  [iredominate.  the  precipitate  always  contains  1  eq.  P  O5  to  1  eq. 
Fe^  O3  (Rawsky,  Wittstein,  E.  Davy  *) ;  if,  on  the  other  hand,  the 
acetate  of  iron  is  in  larger  excess,  the  precipitate  contains  more  base. 
l?7iTT8TKiN  obtained,  by  using  considerable  excess  of  acetate  of  iron,  0 
precipitate  of  the  formula  4  Fe^  O3,  3  P  Og.  Precipitates,  obtained  with 
a  small  excels  of  the  precipitant,  possess  a  composition  varying  between 
the  above-mentioned  limits.  Bamhelsberg  obtained  Fcg  O,,  P  O^  (-|- 
4  aq.),  and  Wittstein  subsequently,  the  same  compound  (with  8  aq.  in- 
stead of  4),  upon  mixing  sulphate  of  sesquioxide  of  iron  with  phosphate 
of  soda  in  excess ;  with  an  insufficient  quantity  of  the  phosphate  of  soda, 
the  latter  chemist  obtained  a  more  yellowish  precipitate,  which  had 
the  formula 

3  (Fe^O,,  P  0,+8  aq.)  +  (FeA,  3  H  O). 
If  an  acid  fluid  containing  a  considerable  excess  of  phosphoric  acid 
is  mixed  with  a  small  quantity  of  solution  of  sesquioxide  of  iron,  and 
an  alkaline  acetate  added,  a  precipitate  of  the  foiiuula,  FcjOs,  P  O^ 
-h water,  is  invariably  obtained,  which,  accordingly,  leaves  upon  ignition 
Fe,  O3,  P  Og  (Wittstein).  Fresh  experiments  that  1  have  made  upon 
this  .subject  have  positively  convinced  me  of  the  pei-fect  con*ectness  of 
this  statement  of  WiTTSTEiN's.f 

COMPOSITION. 

TO, 71  47-02 

FeA 80  52-98 


151         100-00 

[The  discrepancies  among  the  statements  made  by  difierent  chemists 
as  to  the  composition  of  basic  phosphate  of  sesquioxide  of  iron  obtained 
in  the  modes  above  indicated  are  explained  by  the  observations  of  MouR, 
that  the  precipitate  loses  phosphoric  acid  as  long  as  it  is  washed,  and  has 
consequently  no  definite  composition.] 

If  we  dissolve  phosphate  of  sesquioxide  of  iron  in  hydrochloric  acid, 
supersaturate  the  solution  with  ammonia,  and  apply  heat,  we  obtain  more 
hssic  saltai,  viz.,  3  Fe,  O3,  2  P  O5  (Rammelsberg)  ;  2  Fe,  O3,  P  O5  (Witt- 
BTEIN — after  long  washing).  In  Wittstein's  experiment,  the  wash- water 
contained  phosphoric  acid.  The  white  phosphate  of  sesquioxide  of  iron 
does  not  dissolve  in  acetic  acid,  but  it  dissolves  in  a  solution  of  acetatt 
of  sesquioxide  of  iron. 

Upon  boiling  the  latter  solution  (of  phosphate  of  sesquioxide  of  iroi 
in  acetate  of  sesquioxide  of  iron),  the  whole  of  the  pho8])horic  acid  precipi 
tates,  together  with  the  basic  acetate  of  sesquioxide  of  ii'on,  as  hyperhasix 
phosphate  of  sesquioxide  of  irmi  (15  FejOg,  PO^ — (Rammelsberg).  Simi- 
lar extremely  basic  combinations  are  invariably  obtained  (often  mixed 
-with  free  hydrated  sesquioxide  of  iron),  upon  precipitating  with  ammo- 
nia or  carbonate  of  baryta  a  solution  containing  phosphoric  acid  and  an 
excess  of  sesquioxide  of  ii-on.     Tlie  precipitate  obtained  by  carbonate  of 

•  Pha  Mag.,  xix.  p.  181.     Joum.  f.  prakt.  Chem.  80,  380. 

f  In  an  experiment  made  at  a  former  period  by  Will  and  myself  (Annal.  dei 
Chem.  n.  Pharm.  50,  870),  we  obtained  in  this  way  a  precipitate  of  the  formula 
2  Fes  Oa,  8  P  OftH-8  HO  +  10  aq.  ;  but  I  have  never  sinoe  saooeeded  in  produ 
cing  a  precipitate  of  the  same  composition.  • 
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baryta,  can  be  conveniently  filtered  off  and  washed,  the  filtrate  is  porfecfcly 
free  from  either  iron  or  phosphoric  acid  ;  on  the  contrary,  the  precipitate 
obtained  by  ammonia,  especially  if  the  latter  were  much  in  excess,  is  slimy, 
and  therefore  difficult  to  wash,  and  the  filtrate  always  contains  small 
traces  of  both  iron  and  phosphoric  acid. 

e,  PkosphcUe  of  sesquioxide  of  uranium. — If  the  hot  aqueous  solution 
of  a  phosphate  soluble  in  water  or  acetic  acid  is  mixed,  in  presence  of 
free  acetic'  acid,  with  acetate  of  sesquioxide  of  uranium,  a  precipitate 
of  phosphate  of  sesquioxide  of  uranium  is  immediately  foi*med.  If  the 
fluid  contains  much  ammoniacal  salt,  the  precipitate  contains  also  am- 
monia. The  same  precipitate  forms  also  if  alumina  or  sesquioxide  of 
iron  is  present ;  but  in  that  case  it  is  always  mixed  with  more  or  less 
phosphate  of  sesquioxide  of  iron  or  phosphate  of  alumina.  Presence  of 
potaisa-or  soda-salts,  on  the  contrary,  or  of  salts  of  the  alkaline  earths, 
has  no  influence  on  the  composition  of  the  precipitate. 

Phosphate  of  sesquioxide  of  uranium  and  ammonia  (2  XJr^  Oj,  N  H^  O, 
P  Oft  -h  a;  H  O)  is  a  somewhat  gelatinous,  whitish-yellow  precipitate, 
with  a  tinge  of  green.  The  best  way  of  washing  it,  at  least  so  far  as  the 
principal  part  of  the  operation  is  concerned,  is  by  boiling  with  water 
and  decanting.  If,  after  having  allowed  the  fluid  in  which  the  jireci- 
pitate  is  suspended  to  cool  a  little,  a  few  drops  of  chloroform  are  added, 
and  the  mixture  is  shaken  or  boiled  up,  the  precipitate  subsides  much 
more  readily  than  without  this  addition. 

The  precipitate  is  insoluble  in  water  and  in  acetic  acid ;  but  it  dissolves 
in  mineral  acids ;  acetate  of  ammonia,  added  in  sufficient  excess,  com- 
pletely re-precipitates  it  from  this  solution,  upon  application  of  heat. 
Upon  igniting  the  precipitate,  no  matter  whether  containing  ammonia 
or  not,  phosphate  of  sesquioxide  of  uranium  of  the  formula  2  Urj  O^ 
P,  Oft  is  produced.  This  has  the  color  of  the  yolk  of  an  egg.  If  the 
precipitate  is  ignited  in  presence  of  charcoal  or  of  some  reducing  gas, 
partial  reduction  to  phosphate  of  protoxide  of  uranium  ensues,  owing  to 
which  the  ignited  mass  acquires  a  greenish  tint ;  however,  upon  warm- 
ing the  greenish  residue  with  some  nitric  acid,  the  green  salt  of  the 
protoxide  is  readily  reconverted  into  the  yellow  salt  of  the  sesquioxide. 
Phosphate  of  sesquioxide  of  uranium  is  not  hygroscopic,  and  may  there- 
fore be  ignited  and  weighed  in  an  open  platinum  dish  (A.  Arendt  and 
W.  Knop  *). 

2  TJrA 285-6  80-09 

P^O, 71-0  19-91 
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The  one-fifth  part  of  the  precipitate  may  accordingly  be  calculated  aa 
phosphoric  acid  in  ordinary  analyses.! 

f  PJiosphate  of  hinoxide  of  tin  is  never  obtained  in  the  pui-e  state  in 
the  analytical  process,  but  contains  always  an  admixtm-e  of  hydi-ated 


*  Chemisches  Oentralblatt,  1850,  769,  803 ;  and  1857,  177. 

f  The  equivalent  of  uranium  is  here  taken  as  59*4,  according'  to  Ebelmeu.  If 
we  take  it  according  to  Peligot.  as  60,  the  ignited  phosphate  would  contain 
80*22  Vti  O3,  and  19  "78  phosphoric  acid.  W.  Knop  and  Arendt  found  in  four 
experiments  2018,  20  06,  2004,  and  20  04  respectively  (in  another  20  77).  It 
will  be  seen  that  these  numbers  agree  better  with  the  composition  as  reckoned 
from  Ebelmen^s  than  from  Peli^^ot's  equivalent. 
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metastannic  acid  in  excess,  which,  upon  ignition,  changes  to  metastannic 
acid.  It  has,  generally  speaking,  the  same  properties  as  hjdrated  meta- 
stannic acid,  and  is  more  particularly,  like  the  latter,  insoluble  in  nitric 
acid.  Upon  heating  with  concentrated  solution  of  potassa,  phosphate 
and  metastannate  of  potassa  are  formed. 

g,  Tribasic  pliospliate  of  silver  is  a  yellow  powder ;  it  is  insoluble  in 
'water,  but  readily  soluble  in  nitric  acid,  and  also  in  anmionia.  In  am- 
moniacal  salts,  it  is  difficultly  soluble.  It  is  unalterable  -in  the  air. 
Upon  ignition,  it  acquires  transiently  a  reddish-brown  color ;  at  an  in- 
tense red  heat,  it  fuses  without  decomposition. 

3  Ag  0 347-91  83-05 

PO. 7100  16-95 
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A.  Pho^hate  of  suboxide  of  mercury. — This  compound  is  employed 
for  the  purpose  of  eftecting  the  separation  of  phosphoric  acid  from  many 
bases,  after  H.  Hose's  method. 

Phosphate  of  suboxide  of  mercury  presents  the  appearance  of  a  white 
crystalline  mass,  or  of  a  white  powder.  It  is  insoluble  in  water,  but 
difisolves  in  nitnc  acid.  The  action  of  a  red  heat  converts  it  into  fiised 
phosphate  of  oxide  of  mercury,  with  evolution  of  vapor  of  mercury. 
Upon  fusion  with  alkaline  carbonates,  alkaline  phosphates  are  produced, 
and  mercury,  oxygen,  and  carbonic  acid  escape. 

t.  Pliospho^molyhdate  of  a/mmonia, — This  compound  also  serves  to 
effect  the  separation  of  phosphoric  acid  from  other  bodies  ;  it  is  of  the 
utmost  importance  in  this  respect. 

Phospho-molybdate  of  ammonia  forms  a  bright  yellow,  readily  subsi- 
ding precipitate.  Dried  at  100°,  it  has,  according  to  Seligsohn,  the  fol- 
lowing (average)  composition : — 

Molybdic  acid 90-744 

Phosphoric  acid 3*142 

Oxide  of  ammonium 3*570 

Water 2-544 


100-000  ♦ 


In  the  pure  state,  it  dissolves  but  sparingly  in  cold  water  (1  in  10000 — 
EooERTz)  ;  but  it  is  soluble  in  hot  water.  It  is  readil}'^  soluble,  even  in 
tlie  cold,  in  caustic  alkalies,  alkaline  carbonates  and  phosphates,  chloride 
of  ammonium,  and  oxalate  of  ammonia.  It  dissolves  only  sparingly  in 
sulphate  of  ammonia,  nitrate  of  potassa,  and  chloiide  of  potassium  ;  and 
very  sparingly  in  nitrate  of  ammonia. 

It  is  soluble  in  sulphate  of  potassa  and  sulphate  of  soda,  chloride  of 

*  From  the  varying  restdte  of  different  analysts  it  is  plain  that  the  precipitate, 
prepared  under  apparently  the  same  circumstances,  has  not  always  exactly  the 
same  composition.  Sonnenschein  (Joum.  f.  prakt.  Chem.  58,  842)  found  in  the 
precipitate  dried  at  120%  2-93— 3  12  J{  P  Ob  ;  Lipowitz  {Fogg.  Annul.  100, 135),  in  the 
precipitate  dried  at  from  20  to  30 ',  3-607  H  P  0» ;  Eggertz  (Joum.  f.  prakt.  Chem. 
79,  496),  3-7  to  3  8.  [Dietrich  (Fres.  Zeitschrift  fiir  analyt.  Chem.  1866,  45)  says 
that  thiA  precipitate  contains  small  and  variable  quantities  of  admixed  molybdio 
%cid.  He  finds,  however,  that  the  relation  between  P  0»  and  N  H^  is  constantly 
fcfaat  of  Seligsohn's  formula  (23  N  H4  O  P  0>)  +  15  (H  0, 4  Mo  O,).  Dietrich  eaU- 
mates  P  Oa  hj  bringing  the  ppt.  into  the  azotometer. 
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Bodium  and  chloride  of  magnesium,  and  sulphuric,  hydrochloric,  and 
nitric  acids  (both  concentrated  and  dilute).  Water,  containing  1  per  cens. 
of  common  nitric  acid,  dissolves  -qj^qi^  (Eggertz).  Application  of  heat 
dons  not  check  the  solvent  action  of  these  substances.  Presence  of  mo- 
lybdate  of  ammonia  totally  changes  its  deportment  with  acid  fluids  :  in 
presence  of  that  substance,  it  is  almost  insoluble  in  acids,  even  upon 
ebullition.  The  solution  of  the  phospho-molybdate  of  ammonia  in  acids 
is  probably  attended,  in  all  cases,  with  decomposition  and  with  separa- 
tion of  the  molybdic  acid,  which  cannot  take  place  in  the  presence  of 
molybdate  of  ammonia  (J.  Craw  *).  Tartaric  acid  and  similai*  organic 
substances  entirely  prevent  the  precipitation  of  the  phospho-molyMate 
of  ammonia  (Eggertz). f  In  the  presence  of  an  iodide,  instead  of  a  yel- 
low precipitate,  a  green  precipitate  or  a  green  fluid  is  formed,  resulting 
from  the  reducing  action  of  the  hydriodic  acid  on  the  molybdic  acid  (J. 
W.  Bill  J).  Other  substances  which  reduce  molybtlic  acid  have  of 
course  a  similar  action. 

5.  BoRAcic  Acid. 

BoROFLUORiDE  OF  PoTASSiUM  is  the  best  form  to  convert  boracic  acid 
into  for  the  purpose  of  the  direct  estimation  of  the  acid.  This  com- 
pound is  produced  by  mixing  the  solution  of  an  alkaline  boiute  (the  po- 
tassa  salt  answers  best)  with  hydrofluoric  acid  in  excess,  in  a  silver  or 
platinum  dish,  and  evaporating  to  dryness.  The  gelatinous  precipitate 
which  forms  in  the  cold,  dissolves  upon  application  of  heat,  and  sepa- 
rates from  the  solution  subsequently,  upon  evaporation,  in  small,  hard, 
transparent  crystals.  The  compound  has  the  formula  K  Fl,  B  FI3.  It 
is  soluble  in  water  and  also  in  dilute  spirit  of  wine ;  but  strong  al- 
cohol fails  to  dissolve  it ;  it  is  insoluble  also  in  concentitited  solution 
of  acetate  of  potasaa.  It  may  be  dried  at  100^,  without  suffering  de- 
composition (A.UO.  STR0MEyER§). 

K 39-11  31-01 

B    11-00  8-72 

Fl    76-00  60-27 
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6.  Oxalic  Acid. 

When  oxalic  acid  is  to  be  directly  determined  it  is  usually  precipi- 
tated in  the  form  of  oxalate  of  lime  ;  and  its  weight  is  inferred  from 
the  CARBONATE  OF  LIME  produced  from  the  oxalate  by  ignition.  For 
Uie  properties,  &c.,  of  carbonate  of  lime  and  of  oxalate  of  lime,  see 
§73. 

7.  Hydrofluoric  Acid, 

The  direct  estimation  of  hydrofluoric  acid    is  usually  eflected   by 

weighing  the  acid  in  the  form  of  fluoride  of  calcium. 

■  ■■  ■       -  »■■         ■'     ■■■■     '      '■        ■»  ■  ■      » 

•  Cbem.  GaE.  ia52,  216. 

f[Lipowltz  (Jahresbericht,  1860,  618)  recommends  a  molybdic  solution  oon 
taining  tartaric  acid  for  the  precipitation  of  P  Or. 

t  SiUim.  Jonm.,  Jaly»  1858.  §  Axmal.  d.  Chem.  a.  Pharm.  100,  88. 
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liluoride  of  calcium  forms  a  gelatmous  precipitate,  whicli  it  is  found 
difficult  to  wash.  If  digested  with  ammonia,  previous  to  filtration, 
it  is  rendered  denser  and  less  gelatinous.  It  is  not  altogether  insolu- 
ble in  water ;  aqueous  solutions  of  the  alkalies  fail  io  decompose  it. 
It  is  very  slightly  soluble  in  dilute,  but  more  readily  in  concentrated 
hydrochloric  acid.  When  acted  upon  by  sulphuric  acid,  it  is  decom- 
posed, and  sulphate  of  lime  and  hydrofluoric  acid  are  formed.  Fluoride 
of  calcium  is  unalterable  in  the  air,  and  at  a  red  heat.  Exposed  to  a 
very  intense  heat,  it  fuses.  Upon  intense  ignition  in  moist  air,  it  is 
slowly  and  partially  decomposed  into  lime  and  hydrofluoric  acid. 
Mixed  with  chloride  of  ammonium,  and  exposed  to  a  red  heat,  fluoride 
of  calcium  suffers  a  continual  loss  of  weight ;  but  the  decomposition  is 
incomplete. 

Ca 20  51-28 

Fl 19  48-72 
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8.  Carbonic  Acid. 

The  direct  estimation  of  carbonic  acid — which,  however,  is  only 
rarely  resoi*ted  to — is  usually  eftected  by  weighing  the  acid  in  the 
torm  of  CARBONATB  OF  LIME.  For  the  properties  of  the  latter  sub- 
stance,  see  §  73. 

9.  Silicic  Acid  (or  Silica). 

By  whatever  decomposition  silicic  acid  is  separated  in  the  wet  way,  it 
is  always  hydrated.  Tlie  hydrate  is  generally  gelatinous,  occasionally  pul- 
verulent. The  amount  of  water  it  contains  varies  according  to  the  cir- 
cumstances under  which  it  was  formed  ;  at  least  this  is  the  only  explana- 
tion I  can  give  of  the  great  difierences  in  the  resxilts  obtained  by  va- 
rious chemists  who  have  analyzed  hydrates  of  silicic  acid  dried  in  the 
same  way,* 

The  gelatinous  hydrate  of  silicic  acid  is  never  entii*cly  insoluble  in 
water  and  acids.  While  however  the  degree  of  solubility  is  relatively 
high,  if  the  hydrate  immediately  on  separation  comes  in  contact  with 
large  quantities  of  fluid,  it  is,  on  the  conti'ary,  low,  when,  after  having 
been  separated  and  washed,  it  is  treated  with  solvents ;  thus  1  part  of 
silicic  acid  in  the  hydrated  condition,  obtained  by  passing  fluosilicic  gan 
into  water  and  washing  the  precipitate  completely,  requires  7700 
parts  of  water,  11000  parts  of  cold,  and  5500  parts  of  boiling  hydro- 
chloric acid  of  ril5  sp.  gr.  (J.  Fuchs,  loc,  cit,)  Hydrate  of  silicic 
acid  dried  at  100^  forms  a  loose,  white  powder ;  it  is  insoluble  in  water 
and  in  acids  (hydrofluoric  excepted),  but  it  dissolves  in  solutions  of  the 
fixed  alkalies  and  their  carbonates,  especially  in  the  heat.     The  silicic 

*  DoTeri  (AnnaL  de  Ohim.  et  de  Phys.  21,  40 ;  AnnaL  d.  Ghem.  a.  Pbarm.  64, 
2u6)  found  in  the  air-dried  hydrate  19  9  to  17'8  ^  water :  J.  Fuchs  (Annal.  d. 
Chem.  u.  Pharm.  82,  119  to  123),  91  to  9*6 ;  G.  Lippert  (Expt  No.  61),  9*28  to 
9*95.  Doveri  found  in  the  hydrate  dried  at  100%  8*8  to  9*4 ;  J.  Fnchs,  6*63  to 
6-96 ;  G  Lippert,  4*97  to  5  52  ;  H.  Rose  (Pogg  AnnaL  108,  1  j  Joum.  fOr  prakt. 
Chem.  81,  SfSTT)  found  in  the  hydrate  obtained  by  digesting  stilbite  with  concen- 
feimted  hydroofalorio  add,  and  «iried  at  150",  4*85  %  water. 

10 
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acid  is  obtained  in  the  same  form,  when  its  solution  in  water  or  in  hy- 
drochloric acid  is  evaporated  and  the  residue  dried  at  100°. 

On  ignition  all  the  hydrates  pass  into  the  anhydrous  acid.  As  the 
vapoi  escapes  small  pai'ticles  of  the  extremely  fine  powder  are  liable  to 
wliirl  up.  This  may  be  avoided  by  moistening  the  hydrate  in  the  cru- 
cible with  water,  evaporating  to  dryness  on  a  water  bath,  and  then 
applying  at  first  a  slight  and  then  a  gradually  increased  heat. 

The  silicic  acid  obtained  by  igniting  the  hydrate  appears  in  the  amor- 
phous condition,  with  a  sp.  gr.  of  2*2  to  2*3.  It  forms  a  white  powder 
insoluble  in  water  and  acids  (hydrofluoric  excepted),  soluble  in  solu- 
tions of  the  fixed  alkalies  and  their  carbonates,  especially  in  the  heat. 
Hydrofluoric  acid  readily  dissolves  araoi'phoiis  silicic  acid ;  the  solution 
leaves  no  residue  on  evaporation  in  platinum,  if  the  silica  was  pure. 
The  amorphous  silica,  when  heated  with  fluoride  of  ammonium  in  a 
platinum  crucible,  readily  volatilizes.  The  ignited  amorphous  silica, 
exposed  to  the  air,  eagerly  absorbs  water,  which  it  wiU  not  give  up  at 
from  100  to  150°.  (H.  Rose.)  Silica  fuses  at  the  strongest  heat.  The 
mass  obtained  is  vitreous  and  amorphous. 

Amorphous  silica  ignited  with  chloride  of  ammonium,  at  first  loses 
weight,  and  then,  when  the  ignition  has  rendered  it  denser,  the  weight 
remains  constant. 

The  amorphous  silica  must  be  distinguished  from  the  crystallized  or 
crystalline  variety,  which  occurs  as  rock  crystal,  quartz,  sand,  &c.  This 
has  a  sp.  gr.  of  2-G  (Schapfootsch),  and  is  far  more  difficultly,  and  in 
far  less  amount,  dissolved  by  potash  solution  or  solution  of  fixed  alkaline 
carbonates ;  it  is  also  more  slowly  attacked  by  hydrofluoric  acid  or  fluo- 
ride of  ammonium. 

Vegetable  colors  are  not  changed  either  by  silicic  acid  or  its  hydrates. 

Si 14-00  46-67 

0 1600  53-33 
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I  JkCIDS   OF  THE   SECOKB   OBOUP. 

§94. 

1.  Hydrochloric  Acid. 

Hydrochlonc  acid  is  almost  invariably  weighed  in  the  form  of  CHixv 
BIDE  OP  SILVER — for  the  properties  of  which,  see  §  82. 

2.  Hydrobromic  Acid. 

Hydrobromic  acid  is  always  weighed  in  the  form  of  bromide  op  sil 

VER. 

Uromide  of  silver,  prepared  in  the  humid  way,  forms  a  yellowish- 
white  precipitate.  It  is  wholly  insoluble  in  water  and  in  nitiic  acid, 
tolerably  soluble  in  ammonia,  readily  soluble  in  hyposulphite  of  soda 
and  in  cyanide  of  potassium.  Concentiuted  solutions  of  the  chlorides 
and  bromides  of  potassiiim,  sodium,  and  ammonium  dissolve  it  to  a  very 
perceptible  amount,  while  in  very  dilute  solutions  of  these  salis  it  is 
entirely  insoluble.  Traces  only  dissolve  in  nitrates  of  the  alkalies.  On 
dignrtion  with  excess  of  iodide  of  potassium  solution  it  is  completely 
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converted  into  iodide  of  silver  (Field).  On  ignition  in  a  current  of 
chlorine  the  hromide  of  silver  is  transformed  into  the  chloride ;  on  igni- 
tion in  a  current  of  hydrogen  it  is  convei*t^d  into  metallic  silver.  Ex- 
posed to  the  light  it  gradually  turns  gr8/,  ind  finally  hlack.  Under  the 
influence  of  heat,  it  fuses  to  a  reddish  liquid,  which,  upon  cooling,  solidi- 
fies to  a  yellow  horn-like  mass.  Brought  into  contact  with  zinc  and 
water,  bromide  of  silver  is  decomposed :  a  spongy  mass  of  metallic  sil- 
ver formSy  and  the  solution  contains  bromide  of  zinc. 

Ag 107-97  57-44 

Br 80-00  42-56 
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3.  Hydriodic  Actd. 

Hydriodic  acid  is  usually  determined  in  the  form  of  iodide  or  siL- 
\'ER,  and  occasionally  also  in  that  of  protiodide  .»f  palladium. 

a.  Iodide  of  silver^  produced  in  the  humid  way,  forms  a  light-yellow 
precipitate,  insoluble  in  water  and  in  dilute  nitric  acid,  and  very  slightly 
soluble  in  ammonia.  One  pai-t  dissolves,  according  to  Wallace  and 
Lamont,*  in  2493  parts  of  aqueous  ammonia  sp.  gr.  0*89,  according  to 
Martini,  in  2510  parts,  of  0*96  sp.  gr.  It  is  copiously  taken  up  by 
concentrated  solution  of  iodide  of  potassium,  but  it  is  insoluble  in  very 
dilute ;  it  dissolves  readily  in  hyposulphite  of  soda  and  in  cyanide  of 
potassium ;  traces  only  are  dissolved  by  alkaline  nitrates.  Hot  concenr 
trated  nitric  and  sulphuric  acids  convert  it,  but  with  some  difficulty,  into 
nitrate  and  sulphate  of  silver  respectively,  with  expulsion  of  the  iodine. 
Iodide  of  silver  acquires  a  black  color  when  exposed  to  the  light.  When 
heated,  it  fuses  without  decomposition  to  a  reddish  fluid,  which,  upon 
cooling,  solidifies  to  a  yellow  mass,  that  may  be  cut  with  a  knife.  Un- 
der the  influence  of  excess  of  chlorine  in  the  heat  it  is  completely  con- 
verted into  chloride  of  silver ;  ignition  in  hydrogen  reduces  it  to  the 
metallic  state.  When  brought  into  contact  with  zinc  and  water,  it  is 
decomposed :  iodide  of  zinc  is  formed,  and  metallic  silver  separates. 

Ag 107-97  45-95 

I 127-00  54-05 
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h,  Protiodide  of  palladium^  produced  by  mixing  an  alkaline  iodide 
with  protochloride  of  palladium,  is  a  deep  brownish-black,  flocculent 
precipitate,  insoluble  in  water  and  in  dilute  hydrochloric  acid,  but 
slightly  soluble  in  saline  solutions  (chloride  of  sodium,  chloride  of  mag- 
nesium,'chloride  of  calcium,  &c.).  It  is  unalterable  in  the  air.  Dried 
simply  in  the  air,  it  retains  one  equivalent  of  water  =  5-05  per  cent. 
I>ried  long  in  vacuo,  or  at  a  rather  high  temperature  (70°  to  80°),  it 
yields  the  whole  of  this  water,  without  the  least  loss  of  iodine.  Dried 
at  100*^,  it  loses  a  trace  of  iodine ;  at  from  300  to  400°,  the  whole  of 
the  iodine  is  expelled.  The  precipitated  iodide  of  palladium  may  be 
nrashed  with  hot  water,  without  loss  of  iodine. 

♦  Chem.  Gaz.  1859,  137. 
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Pd 63-00  29-44 

I 127-00  70-56 
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4.  Htdrocyakic  Acid. 

Hjdrocyaiuc  acid,  if  determined  grayimetrically  aad  directly,  is 
always  concerted  into  cyanide  of  silver — for  the  properties  of  which 
compound  see  §  82. 

5.  Hydrosulphuric  Acid  (or  Sulphuretted  Hydrooen). 

The  forms  into  which  sulphuretted  hydrogen,  or  the  solphnr  in  me- 
tallic sulphides,  is  converted  for  the  purpose  of  being  weighed,  are 

TERSULPHIDE  of  ARSE5IC,  SULPHIDE  OF  SILVER,  SULPHIDE  OF  COPPER,  and 
SULPHATE  OF  BARYTA. 

For  the  properties  of  the  sulphides  named,  see  §§  82,  85,  92 ;  for 
those  of  sulphate  of  baryta,  see  §  71. 

ACIDS  OF  THE  THIRD  GROUP. 

§95. 

1.  Nitric  Acid  ;  and  2.  Chloric  Acid. 

These  two  adds  are  never  estimated  in  a  direct  way — ^that  is  to  say. 
In  compounds  containing  them,  but  always  in  an  indired  way ;  generallj 
volumetrically. 


SECTION   IV. 

THE  DETERMINATION  (OB  ESTIMATION)  OF  BODIB& 

§96. 

[n  the  preceding  Section  we  have  examined  the  composition  and  proper- 
ties of  the  various  forms  and  oombinations  in  which  bodies  are  separated 
from  others,  or  in  which  they  are  weighed.  We  have  now  to  consider 
the  special  means  and  methods  of  converting  the  several  bodies  into 
such  forms  and  combinations. 

For  the  sake  of  greater  clearness  and  simplicity,  we  shall,  in  the  pres- 
ent Section,  confine  our  attention  to  the  various  methods  applied  to  effect 
the  estimaUon  of  single  bodies^  deferring  to  the  next  Section  the  consid- 
eration of  the  means  adopted  for  the  estimation  of  mixed  bodies,  or  the 
gefparalion.  of  bodies  from,  one  aaiother. 

We  have  to  deal  here  exclusively  with  bodies  in  the  fi'ee  state,  or 
'vith  compounds  consisting  of  one  base  and  one  acid,  or  of  one  metal  and 
CTi^  metaUoid. 

As  in  the  **  Qualitative  Analysis,'^  the  acids  of  arsenic  will  be  treated 
of  among  the  bases,  on  account  of  their  behavior  to  sulphuretted  hydro- 
gen, and  those  elements  which  form  acids  with  hydrogen  will  be  con- 
sidered in  conjunction  with  their  respective  hydrogen  acids. 

In  the  quantitative  analysis  of  a  body  we  have  to  study  first,  the  most 
appropriate  method  of  dissolving  it ;  and,  secondly,  the  modes  of  deter- 
mining it. 

With  regard  to  the  latter  point,  we  have  to  turn  our  attention,  first, 
to  the  performance  /  and  secondly,  to  the  accuracf/  of  the  methods. 

It  happens  very  rarely  in  quantitative  analyses  that  the  amount  of  a 
siibstanoe,  as  determined  by  the  analytical  process,  corresponds  exactly 
with  the  amount  theoretically  calculated  or  actually  present ;  and  if  it 
does  hi^pen,  it  is  merely  by  chance. 

It  is  of  importance  to  inquire  what  is  the  reason  of  this  fact,  and  what 
are  the  limits  of  inaccuracy  in  the  several  methods. 

The  cause  of  this  almost  invariably  occurring  discrepancy  between 
tlie  quantity  present  and  that  actually  found,  is  to  be  ascribed  either 
exclusively  to  the  execution,  or  it  lies  partly  in  the  method  itself 

The  execution  of  the  analytical  processes  and  operations  can  never  be 
absolutdy  accurate,  even  though  the  greatest  care  and  attention  be 
bestowed  on  the  most  trifling  minutia^.  To  account  for  this,  we  need 
only  bear  in  mind  that  our  weights  and  measures  are  never  absolutely 
correct,  nor  our  balances  cbbsolu^tdy  accurate,  nor  our  reagents  absolutely 
pore ;  and,  moreover,  that  we  do  not  weigh  in  vacuo  /  and  that,  even 
if  we  deduce  the  weight  in  va/mo  from  the  weight  we  actiudly  obtain  by 

ighing  in  the  air,  the  very  volumes  on  which  the  calculation  is  based 
but  approximately  known  ; — that  the  hygroscopic  state  of  the  air  ia 
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liable  to  vary  between  the  weighing  of  the  empty  crucible  and  of  the 
cinicible  ^-  the  substance; — that  we  know  the  weight  of  a  filter  ash 
only  approximcUdy  / — that  we  can  never  succeed  in  completely  keeping 
off  dust,  &c. 

With  regard  to  the  methods,  many  of  them  are  not  entirely  free  fix)m 
certain  unavoidable  sources  of  error  / — precipitates  are  not  abscitttdy  in- 
soluble; compounds  which  require  ignition  are  not  absolutdy  fixed; 
others,  which  require  diying,  have  a  slight  tendency  to  volatilize ;  the 
final  reaction  in  volumetric  analyses  is  usually  produced  only  by  a  small 
excess  of  the  standard  fiiiid,  which  is  occasionally  liable  to  vary  with  the 
degree  of  dilution,  the  tempeititure,  <fec. 

Strictly  speaking,  no  method  can  be  pronounced  quite  free  from  defect ; 
it  should  be  borne  in  mind,  for  example,*  that  even  stdpJiate  of  baryta  is 
not  absolutely  insoluble  in  water.  Whenever  we  describe  any  method  as 
free  from  sources  of  error,  we  mean,  that  no  causes  of  considerable  in- 
accuracy are  inherent  in  it. 

We  have,  therefore,  in  our  analytical  processes,  invariably  to  contend 
against  certain  sources  of  inaccuracy  which  it  is  impossible  to  overcome 
entirely,  even  though  our  o])erations  be  conducted  with  the  most  scru- 
pulous care  and  with  the  utmost  attention  to  established  rules.  It  will 
be  readily  understood  that  several  defects  and  sources  of  error  may,  in 
some  cases,  combine  to  vitiate  the  results ;  whereas,  in  other  cases,  they 
may  compensate  one  another,  and  thus  enable  us  to  attain  a  higher  degree 
of  accuracy.  The  comparative  accuracy  of  the  results  attainable  by  an 
analytical  method  oscillates  between  two  points — ^these  points  are  called 
the  limits  of  error.  In  the  case  of  methods  free  from  sources  of  error, 
these  limits  will  closely  approach  each  other ;  thus,  for  instance,  in  the 
estimations  of  chlorine,  with  great  care  one  will  always  be  able  to  obtain 
between  99*9  and  100*1  for  the  100  parts  of  chlorine  actually  present. 

Less  perfect  methods  will,  of  course,  exhibit  far  greater  discrei>an- 
cies ;  thus,  in  the  estimation  of  strontia  by  means  of  sulphuric  acid,  the 
most  attentive  and  skilful  operator  may  not  be  able  to  obtain  more  than 
99*0  (and  even  less)  for  the  100  parts  of  strontia  actually  present.  I 
may  here  incidentally  state  that  the  numbers  occasionally  given  in  this 
manner,  in  the  course  of  the  pi-esent  work,  to  denote  the  degree  of  accu- 
racy of  certain  methods,  lefer  invariably  to  the  substance  estimated 
(chlorine,  nitrogen,  baryta,  for  instance),  and  not  to  the  combination  in 
which  that  substance  may  hv.  weighed  (chloride  of  silver,  bichloiide  of 
platinum  and  chloride  of  ammonium,  sulphate  of  baryta,  for  instance)  ; 
otherwise  the  accuracy  of  various  methods  would  not  be  comparable. 

The  occjisional  attainment  of  results  exactly  cori-esponding  with  the 
numbers  calculated  does  not  always  justify  the  assumption,  on  the  |iart 
of  the  student,  that  his  operations,  to  have  led  to  such  a  result,  must 
have  been  conducted  with  the  utmost  precision  and  accui*acy.  It  may 
sometimes  happen,  in  the  course  of  the  anal3rtical  process,  that  one  error 
serves  to  compensate  another ;  thus,  for  instance,  the  analyst  may,  at  the 
commencement  of  his  operations,  spill  a  minute  portion  of  the  substance 
to  be  analyzed ;  whilst,  at  a  later  stage  of  the  process,  he  may  recover 
the  loss  by  an  imperfect  washing  of  the  precipitate.  As  a  genei*al  rule, 
results  showing  a  trifling  deficiency  of  substance  may  be  looked  upon  as 
better  proof  of  accurate  performance  of  the  analytical  process  than 
results  exhibiting  an  excess  of  substance. 

As  not  the  least  effective  means  of  guarding  against  error  and  inaccu 
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racies  in  gravimetric  analyeeSy  I  would  most  strongly  recommend  the 
ai  Alyst,  ajf^ter  weighing  a  precipitcUej  dtc.y  to  compare  its  properties  (coloi 
scltLbility,  reaction,  Jhc.)  with  tliose  which  it  sluyuld  possess,  and  which 
have  been  amply  described  in  the  preceding  Section. 

In  my  own  laboratory;  I  insist  upon  all  substances  that  are  weighed 
in  the  course  of  an  analysis  being  kept  between  watch-glasses,  until  the 
^nrhole  afiaii*  is  concluded.  This  affords  always  a  chance  of  testing  them 
once  more  for  some  impurity,  the  presence  of  which  may  become  suspected 
in  the  after-course  of  the  process. 


f    ESTIMATION  OF  BASES  IN  COMPOUNDS  CONTAINING  ONLY 

ONE  BASE  AND  ONE  ACID,  OR  ONE  METAL 

AND  ONE  METALLOID. 

FIRST   GROUP. 
POTA8SA— SODA — ^AMMONIA— (lITHIA). 

§97. 

1.   POTASSA. 

a,  Solvtion. 

Potassa  and  its  salts,  with  those  inorganic  acids  which  we  have  to  con- 
sider here,  are  dissolved  in  water,  in  which  menstruum  they  dissolve 
readily,  or  at  all  events,  pretty  readily^ 

Potassa  salts  with  organic  acids  it  is  most  convenient  to  convert  into 
sulphate  of  potassa.     See  p.  152. 

6.  jEJstinuUion, 

Potassa  is  weighed  either  as  sulpJiate  of  potassa^  as  chloride  of  potas* 
muniy  or  as  bichloride  of  platinum  and  ddoride  of  potassium  (see  §  68). 
For  the  alkalimetric  estimation  of  caustic  or  carbonated  potassa,  see 
' '  207  and  208. 


We  may  convert  into 

1.  Sulphate  o^  Potassa. 

Salts  of  potassa  with  strong  volatile  acids ;  e.g,,  chloi*ide  of  potas- 
siiim,  bromide  of  potassium,  nitrate  of  potassa,  d^c,  and  salts  with  or- 
ganic acids. 

2.  Chloride  of  Potassium. 

In  general,  caustic  potassa  and  salts  of  potassa  with  weak  volatile 
acids ;  also,  and  more  pai*ticularly,  sulphate,  chromate,  chlorate,  and  sili- 
cate of  potassa. 

3.  Bichloride  op  Platinum  and  Chloride  of  Potassium. 

Salts  of  potassa  with  non-volatile  acids  soluble  in  alcohol ;  e,g,,  phos- 
phate of  potassa,  borate  of  potassa. 

The  potassa  in  the  borate  of  that  alkali  may  be  determined  also  aa 
sulphate  (§  136) ;  and  the  potassa  in  the  phosphate,  as  chloride  of  potas- 
sium (§  135). 
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The  form  of  bichloride  of  platinum  and  chlorido  of  potassiam  majr  also 
be  resorted  to  in  general,  for  the  estimation  of  the  potassa  in  all  salts 
of  that  alkali  with  acids  soluble  in  alcohol.  This  form  is,  moreover,  of 
especial  importance,  as  that  in  which  the  separation  of  potassa  frcmi 
soda,  (be.,  is  effected. 

1.  Detemihyjttlon  (%s  Sulphate  of  PotoBsa, 

Evaporate  the  aqueous  solution  of  the  sulphate  of  potassa  to  dryness^ 
ignite  the  residue  in  a  platinuiii  crucible  or  dish,  and  weigh  (§  42).  The 
residue  must  be  thoroughly  diied  before  you  pixxseed  to  ignite  it ;  the 
heat  applied  for  the  latter  pur]x>8e  must  be  moderate  at  fii*st,  and  very 
gradually  increased  to  the  requisite  degree ;  the  crucible  or  dish  must 
be  kept  well  covered — ^iieglect  of  these  prccautionaiy  rules  involves 
always  a  loss  of  substance  from  decrepitation.  If  fi^ee  sulphuric  acid  is 
present,  we  obtain,  upon  evaporation,  bisulphate  of  potassa ;  in  such 
cases  the  excess  of  sulphuric  acid  is  to  be  removed  by  igniting  first  alone 
(here  it  is  best  to  place  the  lamp  so  that  the  flame  may  strike  the 
dLsh-oover  obliquely  from  above),  then  with  cai*bonate  of  ammonia. 
See§  68. 

For  properties  of  the  residue,  see  §  68.  Observe  more  particiilarly 
that  the  residue  must  dissolve  to  a  clear  fluid,  and  that  tiie  solntioii 
must  be  neutral.  Should  traces  of  platinum  remain  behind  (the  dish 
not  having  been  previously  weiglied)  these  must  be  carefully  detei^ 
mined,  and  their  weight  subtracted  from  that  of  the  ignited  i-esidue. 

With  proper  care  and  attention,  tliis  method  gives  accurate  i^sults^ 

To  convert  the  above-mentioned  salts  (chloride  of  potassium,  &c.) 
into  sulphate  of  potassa,  add  to  their  aqueous  solution  a  quantity  of  pxure 
sulphuric  acid  more  than  sufficient  to  saturate  the  whole  of  the  potaasa, 
evaporate  the  solution  to  dryness,  ignite  the  residue,  and  convert  the 
bisulphate  of  }x>tassa  into  the  neutral  salt,  by  treating  with  carbonate 
of  anmionia  (§  68). 

As  the  expulsion  of  a  large  quantity  of  sulphuric  acid  is  a  very  dis- 
agreeable process,  avoid  addiug  too  great  an  excess.  Should  too  little 
of  the  acid  have  been  used,  which  you  may  infer  from  the  non-evolution 
of  sulphuric  acid  fumes  on  ignition,  moisten  the  residue  with  dilute 
sulphuric  acid,  evaporate,  and  again  ignite.  If  you  have  to  deal  with 
a  small  quantity  only  of  chloride  of  )x>tassium,  &c.,  proceed  at  once  to 
treat  the  dry  salt,  cautiously,  with  dilute  sulphuric  acid  in  the  platinum 
crucible ;  provided  the  latter  be  capacious  enough.  In  the  case  of 
bromide  and  iodide  of  potassium,  the  use  of  platinum  vessels  must  be 
avoided. 

[Potassa  salts  with  organic  acids  are  directly  converted  into  sulphate 
of  potassa  by  first  carbonizing  them  at  the  lowest  possible  temperature^ 
and  afler  cooling  adding  some  crystals  of  pure  sulphate  of  ammonia  and  a 
little  water  to  the  mass.  The  crucible  being  covered,  the  water  is  eva- 
porated by  heating  the  crucible  cover,  and  the  whole  is  afterwards  heated 
to  dull  redness,  until  the  excess  of  sulphate  of  ammonia  is  desti'oyed. 
If  the  carbon  is  not  fully  consumed  by  this  operation,  add  a  little  nifotito 
of  ammonia  and  repeat  the  ignition.     Kammere**.*] 

2.  Determination  as  OJdoriJe  of  Potasshmk, 

General  method  the  same  as  descrilxKl  in  1.     Tlie  residue  of  (^loridv 

f 
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of  potoasitim  must,  previously  to  ignition,  be  treated  in  the  same  vn\y  oa 
sulphate  of  potassa,  and  for  the  same  reason.  The  salt  must  be  heated 
in  a  well-covered  crucible  or  dish,  and  only  to  dull  redness,  as  the  ap- 
plication of  a  higher  degree  of  heat  is  likely  to  cause  some  loss  by  vola- 
tilization. Ko  particular  regard  need  be  had  to  the  presence  of  free 
acid.  For  proi>ertie8  of  the  i-esidue,  see  §  68.  This  method,  if  properly 
and  cai'efuUy  executed,  gives  very  accurate  results.  Tlie  chloride  of 
potassium  may,  instead  of  Ixdng  weighed,  be  determined  volumetrically 
by  §  141,  h.  This  method,  however,  has  no  advantage  in  the  case  of 
single  estimations,  but  saves  time  when  a  series  of  estimations  has  to  be 
made. 

In  determining  potassa  in  the  carbonate  it  is  sometimes  desirable  to 
avoid  the  effervescence  occasioned  by  treatment  with  Iiydrochloiic  acid, 
as,  for  instance,  in  the  case  of  the  ignited  residue  of  a  ])ota8sa  salt  with 
an  organic  acid,  which  iu  contained  in  the  crucible.  This  may  be  effected 
by  treating  the  carbonate  with  solution  of  chloiide  of  ammoi^iuro  in 
excess,  evaporating  and  igniting,  when  carbonate  of  anmionia  and  the 
excess  of  chloride  of  ammonium  will  escape,  leaving  chloride  of  potas- 
sium behind. 

The  metho<ls  of  converting  into  chloride  of  potassium  the  potassa  com- 
pounds specified  above,  will  be  found  in  Part  II.  of  this  Section,  under 
the  respective  heads  of  the  acids  which  they  contain. 

3.  Detennination  as  JBicIdaride  of  Platinum  and  CMaritle  of  Potass 
siuni, 

(X.  Salts  of  potassa  with  volatile  acids  (nitiic  acid,  acetic  acid,  &c.). 

Mix  the  sohition  with  hydrochloric  acid,  evapoitite  to  dryness,  dis- 
solve the  residue  in  a  little  water,  add  a  concenti-ated  solution  of  bichlo- 
ride of  platinum,  as  neuti*al  as  |>os8ibIe,  in  excess,  and  ovapoi*at€  in  a 
porcelain  dish,  on  the  water-bath,  nearly  to  dryness,  taking  care  not  to 
heat  the  water-bath  quite  to  boiling.  Pour  spirit  of  wine  of  about  80  per 
cent,  over  the  residue ;  let  it  stand  for  some  time,  and  then  transfer  the 
bichloride  of  platinum  and  chloride  of  potassium,  which  remains  undis- 
solved, to  a  weighed  filter  (which  may  be  readily  done  by  means  of  a 
'Washing  bottle  filled  with  spirit  of  wine).  Wash  with  spitit  of  wine, 
dry  at  100°,  and  weigh  (§  50). 

$.  Potassa  salts  with  non-volatile  acids  (phosphoric  acid,  boi*acio 
acid,  &c,). 

Make  a  concentrated  solution  of  iae  salt  in  water,  add  some  hydro- 
chloric acid,  and  bichloride  of  ])latinum  in  excess,  mix  with  a  tolerable 
quantity  of  the  strongest  alcohol,  let  the  mixture  stand  24  hours ;  after 
-which  filter,  and  proceed  as  directed  in  a. 

Properties  of  the  precipitate,  §  68.  This  method,  if  properly  execut- 
ed, gives  satisfactory  results.  Still  there  is  generally  a  tnfiing  loss  of 
substance,  bichloride  of  platinum  and  chloride  of  potassium  not  being  ab- 
solutely insoluble  even  in  strong  alcohol.  In  accurate  analyses,  there- 
fore, the  alcoholic  washings  must  be  evaporated,  with  addition  of  a  little 
pure  chloride  af  sodium,  at  a  temperature  not  exceeding  75°,  nearly  to 
diynese,  and  the  residue  treated  once  more  with  spirit  of  wine.  A  trifiing 
additional  amount  of  bichloride  of  platinum  and  chloride  of  potassium 
is  thus  obtained,  which  is  either  added  to  the  principal  precipitate  or 
collected  on  a  separate  small  filter,  and  determined  as  platinum,  by  the 
laethod  given  below.     The  object  of  the  addition  of  a  little  chloride  of 
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sodiimi  lo  the  bicliloiide  of  platinum  is  to  obviate  the  decomposition  to 
vhich  pure  bichloride  of  platinum  is  more  liable,  upon  evaporation  in 
alcoholic  solution,  than  the  bichloride  containing  sodio-bi chloride  of  plrt* 
tinum.  The  atmosphere  of  a  laboratory  often  contains  ammonia,  which 
might  give  rise  to  the  formation  of  some  chloride  of  platinum  and 
ammonium,  and  to  a  consequent  increase  of  weight  in  the  potassiiuu 
salt. 

As  collecting  a  precipitate  upon  a  weighed  filter  is  a  rather  tedious 
process,  and,  besides,  not  over  accurate,  where  we  have  to  deal  with 
minute  quantities  of  substance,  it  is  better  to  collect  small  poiiions  (up 
to  about  0*03  grm.)  of  bichloride  of  platinum  and  chloride  of  potassium 
upon  a  very  small  ujiweiglied  filter, — diy,  and  ti-ansfer  tlie  filter,  with 
the  precipitate  wrapped  up  in  it,  to  a  small  porcelain  crucible.  Cover 
the  crucible,  and  let  the  filter  slowly  char ;  remove  the  cover,  bum  the 
carbon  of  the  filter,  and  let  the  crucible  get  cold.  Put  now  a  very 
minute  portion  of  pure  oxalic  acid  into  the  crucible,  cover,  and  ignite, 
gently  at  first,  finally  to  a  strong  red  heat.  The  addition  of  the  oxalic 
acid  greatly  promotes  the  complete  decomposition  of  the  bichloride  of 
platinum  and  chloride  of  potassium,  which  cannot  well  be  effected  by 
simple  ignition.  Treat  the  contents  of  the  crucible  now  with  water,  and 
wash  the  residuary  platinum,  until  the  last  rinsings  remain  clear  upon 
addition  of  solution  of  nitrate  of  silver.*  Dry  the  residuary  platinum, 
ignite,  and  weigh.  One  equivalent  of  platinum  represents  one  equivar 
lent  of  potassium. 

§98. 

2.  Soda. 

a.  Solution 

See  §  97,  a — solution  of  potassa — all  the  directions  given  in  that  place 
applying  equally  to  the  solution  of  soda  and  its  salts. 

h.  Determination, 

Soda  is  determined  either  as  sulphate  of  soda^  as  chloride  of  aodiujn^ 
or  as  carbonate  of  soda  (§  69),  For  the  alkalimetric  estimation  of  caus- 
tic soda,  and  carbonate  of  soda,  see  §§  207  and  208. 

We  may  convert  into 

1.  Sulphate  of  Soda;  2.  Chloride  op  Sodium. 

In  general  the  salts  of  soda  corresponding  to  the  salts  of  potassa 
specified  under  the  analogous  potash  compoimds,  §  97. 

3.  Carbonate  op  Soda. 

Caustic  soda,  bicarbonate  of  soda,  and  salts  of  soda  with  organic  acids, 
also  nitrate  of  soda  and  chlonde  of  sodium. 

In  the  borate  of  soda  the  alkali  is  estimated  best  as  sulphate  of  soda 
(8  136) ;  in  the  phosphate,  as  chloride  of  sodium,  or  carbonate  of  soda 

Salts  of  soda  with  organic  acids  are  determined  either,  like  the  corre- 
sponding potassa  compounds,  as  chloride,  or — by  preference — as  carlx^n- 
ate.     (This  latter  method  is  not  so  well  adapted  for  salts  of  potassa.) 

^  The  washing  of  the  reaiduaiy  platinuDL  may  generally  be  effected  by  simpU 
depantatioQ. 
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The  tmalyst  must  here  bear  in  mind,  that  when  carbon  acts  on  fusing 
carbonate  of  soda,  carbonic  oxide  escapes,  and  caustic  soda  in  not  incon- 
biderable  quantity  is  formed. 

1.  Determination  as  SulpJidte  of  Soda, 

If  alone  and  in  aqueous  solution,  evaporate  to  dryness,  ignite  and 
weigh  the  residue  in  a  covered  platinum  crucible  (§  42).  The  process 
does  not  involve  any  risk  of  loss  by  decrepitation,  as  in  the  case  of  sul- 
phate of  potassa.  If  free  sulphuric  acid  happens  to  be  present,  this  is 
removed  in  the  same  way  as  in  the  case  of  sulphate  of  potassa. 

With  regaixl  to  the  conversion  of  chloride  of  sodium,  <&c.,  into  sul- 
phate of  soda,  see  §  97,  b,  1.  For  properties  of  the  residue,  see  §  69. 
The  method  is  easy,  and  gives  accurate  results. 

2.  Determination  as  CIdoride  of  Sodium, 

Same  method  as  described  in  1.  The  rules  given  and  the  observations 
made  in  §  97,  6,  2,  apply  equally  here.  For  properties  of  the  residue 
see  §  69. 

The  methods  of  converting  the  sulphate,  chromate,  chlorate,  and  sili- 
cate of  soda  into  chloride  of  sodium,  will  be  found  in  Part  II.  of  this 
Section,  under  the  respective  heads  of  the  acids  which  these  salts  con- 
tain. 

3.  Determination  as  Carbonate  of  Soda. 

Evaporate  the  aqueous  solution,  ignite  moderately,  and  weigh.  The 
results  are  perfectly  accurate.     For  properties  of  the  residue,  see  §  69. 

Caustic  soda  is  converted  into  the  carbonate  by  adding  to  its  aqueous 
solution  carbonate  of  ammonia  in  excess,  evaporating  at  a  gentle  heat, 
and  igniting  the  residue. 

Bicarbonate  of  soda,  if  in  the  dry  state,  is  converted  into  the  carbonate 
by  ignition.  The  heat  must  be  very  gradually  increased,  and  the  crucible 
kept  well  covei-ed.  If  in  aqueous  solution,  it  is  evaporated  to  dryness, 
in  a  capacious  silver  or  platinum  dish,  and  the  i^esidue  ignited. 

Salts  of  soda  with  organic  acids  are  converted  into  the  carbonate  by 
ignition  in  a  covered  platinum  crucible,  i^om  which  the  lid  is  removed 
after  a  time.  The  heat  must  be  increased  very  gradually.  When  the 
mass  has  ceased  to  swell,  the  crucible  is  placed  obliquely,  with  the  lid 
leaning  against  it  (see  §  52,  fig.  42),  and  a  dull  red  heat  applied  until 
the  carbon  is  consumed  as  far  as  practicable.  The  contents  of  the  cruci- 
ble are  then  warmed  with  water,  and  the  fluid  is  filtered  off  from  the 
residuary  carbon,  which  is  carefully  washed.  The  filtrate  and  rinsings 
are  evaporated  to  dr3mess  with  the  addition  of  a  little  carbonate  of 
ammonia,  and  the  I'esidue  is  ignited  and  weighed.  The  carbonate  of 
ammonia  is  added,  to  convert  any  caustic  soda  that  may  have  been 
formed  into  carbonate.  The  method,  if  carefully  conducted,  gives  accu- 
rate results ;  however,  a  small  loss  of  soda  on  carbonization  is  not  to  be 
avoided. 

Niti-ate  of  soda,  or  chloride  of  sodium,  may  be  converted  into  car- 
bonate, by  adding  to  their  aqueous  solution  perfectly  pure  oxalic  acid  in 
moderate  excess,  and  evaporating  several  times  to  dryness,  with  repeated 
renewal  of  the  water.  AH  the  nitric  acid  of  the  nitrate  of  soda  escapes 
in  this  process,  (partly  decomposed,  partly  undecomposed)  ;  and  equally 
BO  all  the  hydrochloric  acid  in  the  case  of  chloride  of  sodium.  If  the 
residue  is  now  ignited  until  the  excess  of  oxalic  acid  is  removed,  car- 
bonate of  soda  is  left. 
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3.     AXMONIA. 

a.  Solution. 

Ammonia  is  sohib  3  in  wafcer,  as  are  all  its  salts  with  tliose  acida 
which  claim  our  attention  here.  It  is  not  always  necessary,  however, 
to  dissolve  the  ammoniacal  salts  for  the  purpose  of  determining  the 
amoimt  of  anmionia  contained  in  them. 

b.  Determination. 

Ammonia  is  weighed,  as  stated  §  70,  either  in  the  form  of  cJdoricU 
of  ammonium,  or  in  that  of  hiddoride  of  platintMn  and  ddoride  of 
ammonium.  Into  these  forms  it  may  be  converted  either  direcUy  or 
indirectly  (t.«.,  after  expulsion  as  ammonia,  and  re-combination  with 
an  acid).  Ammonia  is  also  frequently  determined  by  volumetric  an- 
alysis, and  its  quantity  is  sometimes  inferred,  from  the  volume  of  ni- 
trogen. 

We  convert  directly  into 

1.  Chloride  of  Ammonium. 

Ammoniacal  gas  and  its  aqueous  solution,  and  also  ammoniacal  salts 
with  weak  volatile  acids  (carbonate  of  ammonia,  sulphide  of  ammonium, 
&c.). 

2.  Bichloride  of  Platinum  and  Chloride  of  Ammonium. 

Ammoniacal  salts  with  acids  soluble  in  alcohol,  such  as  sulphate  of 
ammonia,  phospliate  of  ammonia,  dec. 

3.  The  methods  based  on  the  expulsion  of  the  ammonia  from  its 
compounds,  and  also  that  of  inferring  the  amount  of  ammonia  from  the 
volume  of  nitrogen  eliminated  in  the  dry  way,  are  equally  applicable  to 
all  ammoniacal  salts. 

The  expulsion  of  ammonia  in  the  dry  way,  (by  ignition  with  soda- 
lime,)  and  the  estimation  of  that  alkali  from  the  volume  of  nitrogen 
eliminated  in  the  dry  way,  being  effected  in  the  same  manner  as  the  e8> 
timation  of  the  nitrogen  in  organic  compounds,  I  refer  the  student  to 
the  Section  on  organic  analysis.  Here  I  shall  only  give  the  methods 
based  upon  the  expulsion  of  ammonia  and  of  nitrogen  in  the  wet  way. 
For  the  alkalimetric  estimation  of  free  ammonia,  see  §§  207  and  208. 

1.  Determination  as  Cidbride  of  Ammoniwm, 

Evaporate  the  aqueous  solution  of  the  chloride  of  ammonium  on  the 
water-bath,  and  diy  the  residue  at  100®  until  the  weight  i-emains  con- 
stant (§  42).  The  results  are  accurate.  The  volatilization  of  the  chlo- 
ride is  very  trifling.  A  direct  experiment  gave  99*94  instead  of  100. 
(See  Expt.  15.)  The  pi-esence  of  free  hydrochloric  acid  makes  no 
difference ;  the  convei'sion  of  caustic  ammonia  into  chloride  of  ammo- 
nium may  accordingly  be  effected  by  supersaturating  with  hydrochloric  • 
acid.  The  same  applies  to  the  conversion  of  the  carbonate,  with  this 
addition  only,  that  the  process  of  supersatuiation  must  be  conducted  in 
an  obliquely-placed  flask,  and  the  mixture  heated  in  the  same,  till  the 
carbonic  acid  is  driven  off.  In  the  analysis  of  sulphide  of  ammonium 
we  proceed  in  the  same  way,  taking  care  simply,  after  the  expulsion  of 
the  sulphuretted  hydrogen,  and  before  proceeding  to  evaporate,  to  iiltei 
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off  the  sulphur  which  may  have  separated.  Instead  of  weighing  th€ 
chloride  of  ammonium,  its  quantity  may  be  inferred  by  the  detemii« 
nation  of  its  chlorine  according  to  §  141,  6.  (Comp.  chloride  of  potas- 
sium, §  97,  6,  3). 

2.  Determination  as  bichloride  of  JPlatin/um  and  Chloride  of  Am^ 
moniwm, 

a.  Ammoniacal  salts  with  volatile  acids. 

Same  method  as  described  in  §  97,  b,  4,  a  (bichloride  of  platinum 
and  chloride  of  potassium). 

jS.  Ammoniacal  salts  with  non-Tolatile  acids. 

Same  method  as  described  §  97,  6,  4,  j3  (bichloride  of  platinum  and 
chloride  of  potassium).  The  results  obtained  by  these  methods  are  ac- 
cui*ate. 

If  you  wish  to  control  the  results,*  ignite  the  double  chloride,  wrap- 
ped up  in  the  iSlter,  in  a  covered  crucible,  and  calculate  the  amount  of 
ammonia  from  that  of  the  i^esiduaty  platinum.  The  results  must  agree. 
The  heat  must  be  increased  very  gradually .f  Want  of  due  caution  in 
this  respect  is  apt  to  lead  to  loss,  from  particles  of  the  double  salt 
being  carried  away  with  the  chloride  of  ammonium.  Very  small 
quantities  of  bichloride  of  platinum  and  chloride  of  ammonium  arc 
collected  on  an  unweighed  filter,  dried,  and  at  once  reduced  to  platinun* 
by  ignition.| 

3.  Estimation  by  ISxpulsion  of  the  Ammonia  in  tlie  Wet  Way, 
Tills  metbod,  which  is  applicable  in  all  cases,  may  be  effected  in  two 

different  ways — viz., 

a.  ExputiSioK  OF  THE  Ammonia  by  i>istillation  with  Solution  oi 
PoTASSA,  or  Soda,  or  with  Milk  of  Lime. —Applicable  in  all  cases 
where  no  nitrogenous  organic  matters  from  which  ammonia  might  be 
evolved  upon  boiling  with  solution  of  potassa,  etc.,  are  present  with  the 
anunonia  salts. 

Weigh  the  uubstanoe  under  examination  in  a  small  glass  tube,  3^  cen- 
timetres long  and  one  wide,  and  put  the  tube,  with  the  substance  in  it, 
into  a  flask  containing  a  suitable  quantity  of  moderately  concenti*ated 
solution  of  potassa  or  soda,  or  milk  of  lime,  from  which  eveiy  trace  of 
anunonia  has  been  removed  by  protracted  ebullition,  but  which  has 
been  allowed  to  get  thoroughly  cold  again ;  place  the  flask  in  a  slanting 
position  on  wire-gauze,  and  immediately  connect  it  by  means  of  a  glass 
tube  bent  at  an  obtuse  angle,  with  the  glass  tube  of  a  small  cooling  ap- 
paratus. Connect  the  lower  end  of  this  tube,  by  means  of  a  tight-fit- 
ting perforated  cork,  with  a  sufficiently  large  tubulated  receiver  which 
is  in  its  turn  connected  with  a  XJ  tube  by  means  of  a  bent  tube  passing 
through  its  tubulure. 

*  If  the  bichloride  of  platmum  and  chloride  of  ammoniam  is  pure,  which 
may  be  Imown  by  its  color  and  general  appearance,  this  control  may  be  dis- 
pensed with. 

f  The  best  way  is  to  continue  the  application  of  a  moderate  heat  for  a 
long  time,  then  to  remove  the  lid,  place  the  crucible  obliquely^  with  the  lid 
leaning  against  it,  and  bum  the  charred  filter  at  a  gradofdly  increased  heat  (H. 
Rose). 

1  In  a  series  of  experiments  to  get  the  platinum  from  pure  and  perfectly 
anhjdroos  ammonio- bichloride   of   platinum,  by  veiy  cantious  ignition,  Mr. 
Lucius,  one  of  my  pupils,  obtained  from  441  to  44*8  per  cent,  of  the  metal,  in 
stead  of  44-3. 


158  DETERMIKATION.  [§  99. 

If  you  wish  to  determine  volumetricaUy  tJte  quantity  of  ammonia  e» 
peUedy  introduce  the  larger  portion  of  a  measured  quantity  of  standard 
solution  of  sulphuric  or  of  nitric  acid  (§  204),  into  the  receiver,  the  re- 
mainder into  the  U  tube ;  add  to  the  portion  of  fluid  in  the  latter  a 
little  water,  and  color  the  liquids  in  the  receiver  and  U  tube  red  with  I 
or  2  c.  c.  of  tincture  of  litmus.  The  cooling  tube  must  not  dip  into 
the  fluid  in  the  receiver ;  the  fluid  in  the  U  tube  must  completely  fill 
the  lower  part,  but  it  must  not  rise  high,  as  otherwise  the  passage  of 
air  bubbles  might  easily  occasion  loss  by  spirting.  The  quantity  of  acid 
used  must  of  course  be  more  than  sufficient  to  fix  the  whole  of  the  am- 
jionia  expelled. 

When  the  apparatus  is  fully  R.rranged,  and  you  have  ascertained  that 
all  the  joints  are  perfectly  tight,  heat  the  contents  of  the  flask  to  gentle 
ebullition,  and  continue  the  application  of  the  same  degree  of  heat  until 
the  drops,  as  they  fall  into  the  receiver,  have  for  some  time  altogether 
oeased  to  impart  the  least  tint  of  blue  to  the  portion  of  the  fluid  with 
whith  they  fii*st  come  in  contact.  Loosen  the  cork  of  the  flask,  allow  to 
stand  half  an  hour,  pour  the  contents  of  the  i-eceiver  and  U  tube  into  a 
beaker,  rinsing .  out  with  small  quantities  of  water,  determine  finally 
with  a  standard  solution  of  soda  the  quantity  of  acid  still  free,  which, 
by  simple  subtraction,  will  give  the  amoimt  of  acid  which  has  combined 
with  the  ammonia  ;  and  from  this  you  may  now  calculate  the  amount  of 
the  latter  (§  204).     Results  accurate.* 

If  you  wish  to  determine  by  ifie  gravimetric  method  tlie  quantity  of 
amimonia  expdUd^  receive  the  ammonia  evolved  in  a  quantity  of  hydro- 
chloric acid  more  than  sufiicient  to  fix  the  whole  of  it,  and  determine 
the  chloride  of  ammonium  formed,  either  by  simple  evaporation,  after 
the  directions  of  1,  or  as  ammonio-bichloride  of  platinum,  after  the 
directions  of  2. 

6.  Expulsion  op  the  Ammonia  by  Milk  of  Lime,  without  Applica- 
tion OF  Heat. — This  method,  recommended  by  Schlosino,  is  based  upon 
the  fact  that  an  aqueous  solution  containing  free  ammonia  gives  off  the 
latter  completely,  and  in  a  comparatively  short  time,  when  exposed  in 
a  shallow  vessel  to  the  air,  at  the  common  temperature.  It  finds  appli- 
cation in  cases  where  the  presence  of  organic  nitrogenous  substanoesL 
decomposable  by  boiling  alkalies,  forbids  the  use  of  the  method  described 
In  3,  a ;  thus,  for  instance,  in  the  estimation  of  the  ammonia  in  urine^ 
manures,  &,q. 

The  fluid  containing  the  ammonia,  the  volume  of  which  must  not 
exceed  35  c.  c,  is  introduced  into  a  shallow  flat-bottomed  vessel  from  10 
to  1 2  centimetres  in  diameter ;  this  vessel  is  put  on  a  i)late  filled  with 
mercury.  A  tripod,  made  of  a  massive  glass  rod,  is  placed  in  the  vessel 
which  contains  the  solution  of  the  ammoniacal  salt,  and  a  saucer  or 
shallow  dish  with  10  c.  c.  of  the  normal  solution  of  oxalic  or  sulphuric 
acid  (§  204)  put  on  it.  A  beaker  is  now  inverted  over  the  whole.  The 
beaker  is  lifted  up  on  one  side  as  far  as  is  required,  and  a  sufficient 
quantity  of  milk  of  lime  added  by  means  of  a  pipette  (which  should  no* 
be  drawn  out  at  the  lower  end).  The  beaker  is  then  rapidly  pressed 
down,  and  weighted  with  a  stone  slab.  After  forty-eight  hours  the  glass 
is  lifted  up,  and  a  slip  of  moist  i-eddened  litmus  paper  placed  in  it ;  if 

*  [In  thus  estimating  minute  quantities  of  ammonia,  the  condensing  tab« 
most  be  of  tin,  since  glass  yields  a  sensible  amount  of  alkali  to  hot  water  vapor.] 
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no  change  of  color  is  observable^  this  is  a  sign  that  the  expulsion  of  the 
ammonia  is  complete ;  in  the  contrary  case,  the  glass  must  be  replaced. 
Instead  of  the  beaker  and  i)late  with  mercury,  a  bell-jar,  with  a  ground 
and  greased  rim,  placed  air-tight  on  a  level  glass  plate,  may  be  used.  A 
bell-jar,  having  at  the  top  a  tubular  opening,  furnished  with  a  close- 
fitting  glass  stopper,  answers  the  purpose  best,  as  it  permits  the  intro- 
duction of  a  slip  of  red  litmus  paper  suspended  from  a  thread ;  thus 
enabling  the  operator  to  see  whether  the  combination  of  the  ammonia 
with  the  acid  is  completed,  without  the  necessity  of  removing  the  bell- 
jar.  According  to  Bchlosing,  forty-eight  hours  are  always  sufficient  to 
expel  O'l  to  1  gramme  of  ammonia  from  25  to  35  c.  c.  of  solution^ 
However,  I  can  admit  this  statement  only  as  regards  quantities  up  to 
0*3  grm. ;  quantities  above  this  often  reqidre  a  longer  time.  I,  there- 
fore, always  prefer  operating  with  quantities  of  substance  containing  ho 
more  than  0*3  grm.  ammonia  at  the  most. 

When  all  the  ammonia  has  been  expelled,  and  has  entered  into  com- 
bination with  the  acid,  the  quantity  of  acid  left  free  is  determined  by 
means  of  standard  solution  of  soda,  and  the  amount  of  the  ammonia 
calculated  from  the  result  (§  204). 

4.  Estimation  hi/  JExj^ulsion  of  tJie  Nii/ro^ 
gen  in  the  Wet  Way, 

A  process  for  determining  ammonia  by 
means  of  the  azotometer  has  been  given  by  W. 
Knop.*  It  depends  on  the  separation  of  the 
nitrogen  by  a  bromized  and  strongly  alkaline 
solution  of  hypochlorite  of  soda.f 

[The  simplest  azotometer  is  that  described 
by  RuMPP.J  It  consists  of  a  burette  of  60  or 
100  c.  c.  stationed  in  a  glass  cylinder  nearly 
filled  with  mercury,  and  connected  by  a  stout 
caoutchouc  tube  with  a  small  bottle,  a,  fig.  46, 
to  which  is  fitted  a  soft  thrice-perforated  ca- 
outchouc stopper.  The  stopper  carries  a  ther^ 
mometer  and  two  short  glass  tubes,  one  of 
-which  joins  it  to  the  burette,  and  the  other 
has  attached  a  short  bit  of  caoutchouc  tubing 
aJid  a  pinch-cock,  e.  The  weighed  ammonia  salt 
(not  more  than  0*4  grm.)  is  placed  in  the  tube, 
J^,  with  10  c.  c.  of  watei',  and  50  c.  c.  of  the 
bromized  hyfjochlorite  solution  are  brought 
into  the  bottle,  a.  The  cock,  «,  being  open,  the 
stopper  is  firmly  ^yi<^^  in  its  place,  and  the 
burette  is  depressed  in  the  mercury  until  its 
uppermost  degree  exactly  coincides  with  the 
Btirface  of  the  metal.     The  cock  is  then  closed, 

♦  Chem.  Centralbl.  1860,  244. 

f  This  is  prepared  as  follows : — Dissolve  1  part  of  carbonate  of  soda  in  15  parts 
of  water,  cool  the  fluid  with  ice,  saturate  perfectly  with  chlorine,  keeping  cold 
all  the  while^  and  add  strong  soda  solution  (of  25  per  cent.)  till  the  mixture  on 
rnbbing  between  the  fingers  makes  the  skin  slippery.  Before  using,  a»ld  to  the 
quantity  required  for  the  series  of  experiments  bromine  in  the  proportion  of  2-4! 
orrm.  to  the  litre,  and  shake. 

JFreaZeit.,VI.  308. 
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LITniA.  161 

auJ  be  bottle  is  inclinod  to  bring  the  two  substances  in  contact.  The 
liiiiUi  Ilia  salt  is  speedily  decomposed.  When  no  farther  evolution  of  gas 
tciki^s  place  the  burette  is  so  adjusted  that  the  level  of  the  mercury 
without  and  within  it  shall  nearly  coincide,  and  the  operator  waita 
10-20  minutes,  or  until  the  thermometer  in  a  indicates  the  same  tem- 
perature as  the  surrounding  air.  Then  the  adjustment  of  the  burette  to 
exact  coincidence  of  the  mercury  level,  within  and  without,  is  effected, 
and  the  volume  of  the  gas  is  read  off.  The  stand  of  the  thermometer 
and  bai'ometer  are  also  noted,  and  the  recorded  volume  of  nitrogen  is 
corrected  by  use  of  the  tables  on  pp.  160  and  162-163,  by  Dietrich: 

The  first  table  gives  a  correction  for  the  nitrogen  which  is  absorbed 
by  the  60  c.  c.  of  liquid  in  the  bottle  a.  The  amount  varies  with  the 
relative  volumes  of  aii*  and  nitrogen,  and  is  determined  empirically  by 
decomposing  known  quantities  of  ammonia  and  noting  the  difierence 
between  the  obtained  and  the  theoretical  volume  of  nitrogen.  The  cor- 
rection holds  strictly,  of  course,  only  for  a  solution  of  such  strength  as 
that  employed  by  Dietrich  and  at  the  mean  temperatui-es. 

The  second  table  serves  to  spare  the  labor  of  calculation.  Tlie  weight 
of  1  c.  c.  of  nitrogen,  measured  e.  g.  at  754  mm.  of  barometer  and  15°  C, 
is  found  at  the  intersection  of  the  vertical  column  754  with  the  hori- 
zontal column  15°,  is,  viz.,  1*  16 187. 

To  the  observed  volume  of  nitrogen  add  the  amount  absorbed  as  per 
Table  I.,  and  correct  the  total  by  Table  II.  It  scarcely  requires  to  be 
mentioned  that  good  results  can  only  be  obtained  in  an  apartment 
ijirhere  the  temperature  is  uniform,  and  when  care  is  exercised  to  avoid 
'Warming  the  apparatus  in  handling.     See  Dietrich's  papei*s.* 


§  100. 
Supplement  to  the  First  Orwup. 

LITHIA. 

In  the  absence  of  other  bases,  lithia  may,  like  potassa  and  soda,  be 
converted  into  anhydrous  sulphate,  and  weighed  in  that  form 
(Xii  O,  S  Oj).  As  lithia  forms  no  acid  sulphate,  the  excess  of  sulphuric 
acid  may  be  readily  removed  by  simple  ignition.  Carbonate  of  lithia 
also,  which  is  difficultly  soluble  in  water,  and  fuses  at  a  red  heat  without 
sufTering  decomposition,  is  well  suited  for  weighing ;  whilst  chloride  of 
lithium,  which  deliquesces  in  the  air,  and  is  by  ignition  in  moist  air 
converted  into  hydrochloric  acid  and  lithia,  is  unfit  for  the  estimation 
of  lithia. 

In  presence  of  other  alkalies,  lithia  is  best  converted  into  basic  phos- 
phate OF  lithia  (3  Li  O,  P  Os),  and  weighed  in  that  form.  This  is 
ejected  by  the  following  process :  add  to  the  solution  a  sufficient  quan- 
tity of  phosphate  of  soda  (which  must  be  perfectly  free  from  phosphates 
of  the  alkaline  earths),  and  enough  soda  to  keep  the  reaction  alkaline, 
and  evaporate  the  mixture  to  dryness ;  pour  water  over  the  residue,  in 
miffidlent  quantity  to  dissolve  the  soluble  salts  with  the  aid  of  a  gentle 

*  Free.  Zeit.  HI  162.  ;  IV.  141,  and  V.  86. 
11 
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IL  TABLE  OF  THE  WEIGHT  OF  A 
In  MiUigrammes  for  PresBurea  from  720  to  710  mm. 
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CUBIC  CENTIMETRE  OF  NITROGEN. 

of  Mmvwty^  and  for  Temperatures  from  10®  to  26®  C7. 
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heat,  add  an  equal  Yolume  of  solution  of  ammonia,  digest  at  a  gentle 
heat,  filter  after  twelve  hours,  and  wash  the  precipitate  with  a  mixture 
of  equal  volumes  of  water  and  solution  of  ammonia.  Evaporate  the 
filtrate  and  first  washings  to  dryness,  and  treat  the  residue  in  the  same 
way  as  before.  If  some  more  phosphatie  of  lithia  is  thereby  obtained, 
add  this  to  the  principal  quantity.  The  process  gives,  on  an  avei-age, 
99-61  for  100  parte  of  lithia. 

If  the  quantity  of  lithia  present  is  relatively  very  small,  the  larger  por- 
tion of  the  potassa  or  soda  compounds  should  firat  be  removed  by  addi- 
tion of  absolute  alcohol  to  the  most  highly  concentrated  solution  of 
the  salts  (chlorides,  bromides,  iodides,  or  nitrates,  but  not  sulphates) ; 
since  this,  by  lessening  the  amount  of  water  required  to  eflect  the  Be})ara- 
tion  of  the  phosphate  of  lithia  from  the  soluble  salts,  will  prevent  loss  of 
lithia  ( W.  Mayer  *). 

The  precipitated  basic  phosphate  of  lithia  has  the  formula  3  Li  C^ 
^^6  +  ^*  ^^  dissolves  in  2539  parts  of  pure,  and  3920  parts  of  ammo- 
niated  water ;  at  100°,  it  completely  loses  its  water ;  if  pure,  it  does  not 
cake  at  a  moderate  red  heat  (Mayer). 

The  objections  raised  by  Rammelsberg  f  to  Mayer's  method  of  estima- 
ting lithia  I  find  to  be  ungrounded.  According  to  my  own  experience, 
it  appears  that  the  filtrate  and  wash-water  must  be  evaporated  in  a  plati- 
num dish  not  only  once,  but  at  least  twice — ^in  fact,  till  a  I'esidue  is 
obtained  which  is  completely  soluble  in  dilute  ammonia.  Phosphate  of 
lithia  may  be  dried  at  100°,  or  ignited  according  to  §  53,  before  being 
weighed.  In  the  latter  case,  care  must  be  taken  to  free  the  filter  as  much 
as  possible  from  the  precipitate  before  proceeding  to  incinerate  it.  I  have 
thus  obtained,  J  instead  of  100  parts  cai'bonate  of  lithia,  by  drying  at 
100°,  99-84,  99-89,  100-41,— by  igniting  99*66  and  100-05.  The  phos- 
phate of  lithia  obtained  was  free  from  soda. 


SECOND   GROUP. 
baryta — 8TR0NTIA — LIME — ^MAGNESIA. 

§  101. 

1.  Baryta. 

a,  SolttH&n, 

Caustic  baryta  is  soluble  in  water,  as  are  many  of  the  salts  of  this  alka- 
line earth.  The  salts  of  baryta  which  are  insoluble  in  water  are,  with  al- 
most the  single  exception  of  the  sulphate,  readily  dissolved  by  dilute 
hydrochloric  acid.  The  solution  of  the  sulphate  is  effected  by  fusion  with 
carbonate  of  soda,  &c.     (See  §  132.) 

b.  Determination, 

Baryta  is  weighed  either  as  svlpliate  or  as  carlxmcUe^  rarely  (in  the  sepa- 

*  Annal.  derOhem.  a.  Pharm.  98, 193,  where  Mayer  has  also  demonstrated  the 
non-ezistenoe  of  a  phosphate  of  soda  and  lithia  of  fixed  oomposition  (Berzeliaa)^ 
or  of  vaiying  composition  (BammeLBbeig). 

Pogg.  Annal.  102,  443. 

ZeitBchr.  f.  Anolyt.  Chem.  1, 43. 
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ration  from  strontia)  as  sUico-Jhtoridc  nfhariwm  (§  71).      Baryta  in  the 
pure  state,  or  in  form  of  carbonate,  may  also  be  determined  by  the  volu- 
metric (alkalimetric)  method.     Comp.  §  210. 
We  may  convert  into 

1.  Sulphate  of  Baryta. 

a.  Sy  JPrecipUatum.  h.  JSy  Evaporation, 

All  compounds  of  baryta  without  All  compounds  of  baryta  with 
exception.  volatile  acids,  if  no  other  non-vola- 

tile body  is  present. 

2.  Carbonate  op  Baryta. 

a.  All  salt-s  of  baryta  soluble  in  water. 

6.  Salts  of  baryta  with  organic  acids. 

Baryta  is  both  precipitated  and  weighed,  by  far  the  most  frequently  as 
sulphate,  the  more  so  as  this  is  the  form  in  which  it  is  most  conveniently 
separated  from  other  bases.  The  determination  by  means  of  evaporation 
(1,6)  is,  in  cases  where  it  can  be  applied,  and  where  we  are  not  obliged  to 
evaporate  large  quantities  of  fluid,  very  exact  and  convenient.  Baryta  is 
determined  as  carbonate  in  the  wet  way,  when  from  any  reason  it  is  not 
possible  or  not  desirable  to  precipitate  it  as  sulphate.  If  a  fluid  or  dry 
substance  contains  bodies  which  impede  the  ])recipitation  of  the  baryta  as 
sulphate  or  carbonate  (alkaline  citrates,  metaphosphoric  acid,  see  §  71, 
a  and  6),  such  bodies  must  of  course  be  got  rid  o^  before  proceeding  to 
precipitation. 

1.  l)eieTminatiion  as*fSulphate  of  Baryta* 

a.  By  JPrecipitation, 

Heat  the  moderately  dilute  solution  of  baryta,  which  must  not  contain 
too  much  free  acid  (and  must,  therefore,  if  necessary,  first  be  freed  there- 
iix>m  by  evaporation  or  addition  of  carbonate  of  soda),  in  a  platinum  or 
porcelain  dish,  or  in  a  glass  vessel,  to  incipient  ebullition,  add  dilute  sul- 
phuric acid,  as  long  as  a  precipitate  forms,  keep  the  mixture  for  some  time 
at;  a  temperature  very  near  the  boiling  point,  and  allow  the  precipitate  a 
fcrw  minutes  to  subside ;  decant  the  almost  clear  supernatant  fluid  on  a 
filter,  boil  the  precipitate  three  or  four  times  with  water,  then  transfer  it 
to  the  filter,  and  wash  with  boiling  water,  until  the  filtrate  is  no  longer 
rendered  turbid  by  chloride  of  barium.  Dry  the  precipitate,  and  treat  it 
as  directed  in  §  53.  If  the  precipitate  has  been  properly  washed  in  the 
manner  here  directed,  it  is  perfectly  pure,  and  gives  up  no  chloride  of 
barium  to  acetic  acid,  even  if  boiling,  nor  any  appreciable  trace  of  it  to 
boiling  nitric  acid,  though  the  solution  had  contained  that  salt.* 

J.  By  JBvaporatioTU  ^ 

A  dd  to  the  solution,  in  a  weighed  platinum  dish,  pure  sulphuric  acid 

*  I  mention  this  in  reference  to  Siegle's  statement  in  the  Journal  f .  prakt. 
Ohem.  00, 142,  that  acetic  acid  and  nitric  acid  will  still  extract  small  qnantiticfl 
of  chloride  of  barium  from  sulphate  of  baryta,  formed  in  presence  of  an  ezcesf 
of  sulphuric  add,  and  thoroughly  washed  with  water. 
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very  slightly  in  excess,  and  eyaporate  on  the  water-bath  ;  expel  the  exoea 
of  sulphuric  acid  by  cautious  application  of  heat,  and  ignite  the  residue* 

For  the  properties  of  sulphate  of  baryta,  see  §  71. 

Both  methods,  if  properly  and  carefully  executed,  give  almost  absolutely 
accurate  results. 

2.  Determination  as  Carbonate  of  JBaryta. 

a.  In  Solutions, 

Mix  the  moderately  dilute  solution  of  the  baryta  salt  in  a  beaker 
with  ammonia,  add  carbonate  of  ammonia  in  slight  excess,  and  let 
the  mixture  stand  several  hours  in  a  warm  place.  Filter,  -wash  the 
precipitate  with  water  mixed  with  a  little  ammonia,  dry,  and  ignite 

For  the  properties  of  the  precipitate,  see  §  71.  This  metliod  in- 
volves a  trifling  loss  of  substance,  as  the  carbonate  of  baryta  is  not  ab- 
solutely insoluble  in  water.  The  direct  experiment,  No.  62,  gave  99*79 
instead  of  100. 

If  the  solution  contains  a  notable  quantity  of  ammoniacal  salts,  the 
loss  incurred  is  much  more  considerable,  since  the  presence  of  such  salts 
greatly  increases  the  solubility  of  the  carbonate  of  baryta. 

6.  In  Salts  of  baryta  with  Organic  Acids, 

Heat  the  salt  slowly  in  a  covered  platinum  crucible,  until  no  more 
fumes  are  evolved ;  pla«e  the  ci-ucible  obliquely,  with  the  lid  leaning 
against  it,  and  ignite,  until  the  whole  of  the  carbon  is  consumed,  and 
the  residue  presents  a  perfectly  white  appearance  :  moisten  the  residue 
with  a  concentrated  solution  of  carbonate  of  ammonia,  evaporate,"  ignite 
gently,  and  weigh.  The  results  obtained  by  this  method  are  quit^e 
satisfactory.  A  direct  experiment,  No.  63,  gave  99*61  instead  of  100. 
The  loss  of  substance  which  almost  invariably  attends  this  method  is 
owing  to  particles  of  the  salt  being  carried  away  with  the  fumes 
evolved  upon  ignition,  and  is  accordingly  the  less  considerable,  the 
more  slowly  and  gradually  the  heat  is  increased.  Omission  of  the 
moistening  of  the  residue  with  carbonate  of  ammonia  would  involve  a 
further  loss  of  substance,  as  the  ignition  of  carbonate  of  barjrta  in  con- 
tact with  carbon  is  attended  with  formation  of  some  caustic  baryta,  car- 
bonic oxide  gas  being  evolved. 


§102. 

2.  Strontia. 

a.  Sohi'tion, 

See  th^  preceding  paragraph  (§  101,  a.-^Solution  of  baryta)^  the 
directions  there  given  applying  equally  here. 

h.  Deierminatum* 

Strontia  is  Weighed  either  as  stUphate  or  as  carbonate  of  sSroniia 
(§  72).  Strontia  in  the  pure  state,  or  in  form  of  carbonate,  may  be  de> 
tennined  also  by  the  volumetric  (alkalimetric)  method.     Comp.  §  210, 

We  may  convert  into 
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1.  Sulphate  of  Stroktia. 

a.  JBy  JPrecipttation, 

All  compounds  of  strontia  without  exception. 

b.  JBy  JSvaporation, 

All  salts  of  strontia  with  volatile  acids,  if  no  other  non- volatile  i)odj 
is  present. 

2.  Carbonate  op  Strontia. 

a.  All  compounds  of  strontia  soluble  in  water. 

0.  Salts  of  strontia  with  organic  acids. 

The  method  based  on  the  precipitation  of  strontia  with  sulphiuio 
acid  yields  accurate  results  only  in  cases  where  the  fluid  from  which  the 
strontia  is  to  be  precipitated  may  be  mixed,  without  injury,  with  alco- 
hol. Where  this  cannot  be  done,  and  where  the  method  based  on  the 
evaporation  of  the  solution  of  strontia  with  sulphuric  acid  is  equally 
inapplicable,  the  conversion  into  the  carbonate  ought  to  be  resorted  to 
in  preference,  if  admissible.  As  in  the  case  of  baryta,  so  here,  we  have 
to  be  on  our  guard  against  the  presence  of  substances  which  would  im* 
pede  precipitation. 

1.  Determination  as  Sulphate  of  Strontia, 

a.  JBy  Precipitation, 

Mix  the  solution  of  the  salt  of  strontia  (which  must  not  be  too 
dilute,  nor  contain  much  free  hydrochloric  or  nitric  acid)  with  dilute 
sulphuric  acid  in  excess,  in  a  beaker,  and  add  at  least  an  equal  volume 
of  alcohol ;  let  the  mixture  stand  twelve  hours,  and  filter ;  wash  the 
precipitate  with  dilute  spirit  of  wine,  dry  and  ignite  (§  53). 
.  If  the  circumstances  of  the  case  prevent  the  use  of  alcohol,  the  fluid 
must  be  precipitated  in  a  tolerably  concentrated  state,  allowed  to  stand 
in  the  cold'  for  at  leaat  twenty-four  hours,  filtered,  and  the  precipitate 
washed  with  cold  water,  until  the  last  linsings  manifest  no  longer  an 
acid  reaction,  and  leave  no  perceptible  residue  upon  evaporation.  If 
traces  of  fi^e  sulphuric  acid  remain  adhering  to  the  filter,  the  latter 
turns  black  on  drying,  and  crumbles  to  pieces ;  too  protracted  washing 
of  the  precipitate,  on  the  other  hand,  tends  to  increase  the  loss  of  sub- 
stance. 

Care  must  be  taken  that  the  precipitate  be  thoroughly  dry,  before 
proceeding  to  ignite  it ;  otherwise  it  will  be  apt  to  throw  off  fine  par- 
ticles during  the  latter  process.  The  filter,  which  is  to  be  burnt  apart 
from  the  precipitate,  must  be  as  clean  as  possible,  or  some  loss  of  sub- 
stance will  be  incurred ;  as  may  be  clearly  seen  from  the  depth  of  the 
carmine  tint  of  the  flame  with  which  the  filter  bums  if  the  precipitate 
has  not  been  properly  removed. 

For  the  properties  of  the  precipitate,  see  §  72.  When  alcohol  ie 
Yiiied  and  the  directions  given  are  properly  adhered  to,  the  restdts  are 
"very  accurate ;  when  the  sulphate  of  strontia  is  precipitated  fi*om  an 
aqueous  solution,  on  the  contrary,  a  certain  amount  of  loss  is  unavoid- 
able, as  sulphate  of  strontia  is  not  absolutely  insoluble  in  water.  The 
direct  experiments.  No.  64,  gave  only  98*12  and  98*02  instead  of  100 
However,  the  error  may  be  rectified,  by  calculating  the  amount  of  sul 
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phate  of  stroniia  dissolved  in  the  filtrate  and  the  wash-water,  basing 
the  calculation  upon  the  known  degree  of  solubility  of  sulphate  of 
strontia  in  pure  and  acidified  water.  See  £xpt.  No.  65,  which,  with 
this  correction,  gave  99*77  instead  of  100. 

h.  -By  Evaporation. 
The  same  method  as  described  for  baryta^  §  101,  1,  (• 

2.  Determination  cu  Carbonate  of  Strontia, 

a.  In  Solutions, 

The  same  method  as  described  §  101,  2,  a.  For  the  properties  of  the 
precipitate,  see  §  72.  The  method  gives  very  accurate  results,  as  car- 
bonate of  strontia  is  nearly  absolutely  insoluble  in  water  containing 
ammonia  and  carbonate  of  ammonia.  A  direct  experiment,  No.  66, 
gave  99*82  instead  of  100.  Presence  of  ammoniacal  salts  exercises 
here  a  less  adverse  influence  than  the  precipitation  of  carbonate  of 
baryta. 

6.  In  Salts  with  Organic  Adds, 

The  same  method  as  described  §  101,  2,  6.     The  remarks  made  there, 
ospecting  the  accuracy  of  the  results,  apply  equally  here. 


§  103. 

3.  Like. 

a.  Solution^ 

See  ^101,  a. — Solution  of  baryta.  Fluoride  of  calcium  is,  by  means 
of  sulphuric  acid,  converted  into  sulphate  of  lime,  and  the  latter  againj 
if  necessary,  decomposed  by  boiling  or  fusing  with  an  alkaline  carbon- 
ate  (§  132).  [Sulphate  of  lime  dissolves  readily  in  modei*ately  dilute 
hydrochloiic  acid.  It  is  much  less  soluble  in  strong  hydrochloric 
acid.] 

6.  Determination, 

lime  is  weighed  either  as  sulphate^  of  as  carbonate  of  lime  (8  73).  It 
may  be  brought  into  the  first  form  by  evaporation,  or  by  pi'ecipitation ; 
into  the  latter,  by  precipitation  as  oxalate,  or  at  once  as  carbonate,  or  by 
ignition. 

Small  quantities  of  lime  are  also  occasionally  reduced  to  the  caustic 
state,  instead  of  being  converted  into  carbonate.  Lime  in  the  pure  state, 
or  in  form  of  carbonate,  may  be  determined  also  by  the  volumetric 
(alkaJimetric)  method.     Comp.  §  210. 

"We  may  convert  into 

1.  StJLPHATS  OF  Limb. 

a,  Sy  Precipitatuyiu 

Alt  salts  of  lime  with  acids  soluble  in  alcohol,  provided  no  other  mV 
itance  insoluble  in  alcohol  be  present. 


i 
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h.  By  JSfvaporcUum, 

All  salts  of  lime  with  volatile  acids,  provided  no  Don-Yolatile  body  be 
present. 

2.  Carbonate  of  Lime. 

a.  J3y  Ih'edpitation  tmth  Carbonate  of  AmmorUa. 
All  salts  of  lime  solnble  in  water. 

h.  By  Precipitation  with  OxalcUe  of  Ammonia, 

All  salts  of  lime  soluble  in  water  or  in  hydrochloric  acid  without 
exception. 

e,  Sy  Ignition, 
Salts  of  Ume  with  organic  adds. 

Of  these  several  methods,  2,  h  (precipitation  with  oxalate  of  ammonia) 
ifl  the  one  most  frequently  resorted  to.  This,  and  the  method  1,  6,  give 
the  most  accurate  results.  The  method,  1,  a,  is  usually  resorted  to  only 
to  effect  the  separation  of  lime  from  other  bases ;  2,  a,  generally  only  to 
effect  the  separation  of  lime  together  with  other  alkaline  earths  from  the 
cUkalies.  As  many  bodies  (alkaline  citrates,  and  metaphosphates)  inter- 
fere with  the  precipitation  of  lime  by  the  precipitants  given,  these,  if  pre- 
sent, must  be  first  removed. 

1.  Determination  as  Svlphate  of  lAme, 

a.  By  JPrecipitatum.  ^ 

Mix  the  solution  of  lime  in  a  beaker,  with  dilute  sulphuric  acid  in 
excess,  and  add  twice  the  volume  of  alcohol ;  let  the  mixture  stand  twelve 
hours,  filter,  and  thorouaMy  wash  the  precipitate  with  spirit  of  wine,  dry, 
and  ignite  moderately  (§53).     For  the  properties  of  the  precipitate,  see 

§73.     The  results  are  very  accurate.   A  direct  experiment,  No.  67,  gave 
9-64  instead  of  100. 

h.  By  JEhaporation, 
The  same  method  as  described  §  101, 1,  5. 

2.  JDetermination  as  Carbonate  of  Lime, 

a.  By  JPredpitation  with  Carbonate  of  Ammonia, 

The  same  method  as  described  §  101,  2,  a.  The  precipitate  must  be 
exposed  only  to  a  very  gentle  red  heat,  but  this  must  be  continued  for 
Bome  time.     For  the  properties  of  the  precipitate,  see  §  73. 

This  method  gives  very  accurate  results,  the  loss  of  substance  incurred 
being  hardly  worth  mentioning. 

If  the  solution  contains  chloride  of  ammonium  or  similar  ammoniacal 
salts  in  considerable  proportion,  the  loss  of  substance  incurred  is  far 
greater.  The  same  is  the  case  if  the  precipitate  is  washed  with  pure  in- 
stead of  ammoniacal  water.  A  direct  experiment,  No.  68,  in  which  pure 
water  was  u8ed«  gave  99*17  instead  of  1(^0  parts  of  lime. 
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6.  J?y  JPrecipttation  with  OxakUe  of  Ammanict, 

OL.  The  lAme  Salt  is  soluble  m  Water, 

To  the  hot  solution  in  a  beaker,  add  oxalate  of  ammonia  in  moderaU 
excess,  and  tlien  ammonia  sufficient  to  impart  an  ammoniacal  smell  to 
the  fluid ;  cover  the  gla^s,  and  let  it  stand  in  a  warm  place  until  the 
prcfcipitate  has  completely  subsided,  which  will  require  twelve  hout-ss, 
at  least.  Pour  the  clear  fluid  gently  and  cautiously,  so  as  to  leave  the 
precipitate  undisturbed,  on  a  filter ;  wash  the  precipitate  two  or  three 
times  by  decantation  with  hot  water;  lastly,  transfer  the  precipitate 
also  to  the  filter,  by  rinsing  with  hot  water,  taking  care,  before  the  ad- 
dition of  a  fresh  portion,  to  wait  until  the  fluid  has  completely  passed 
through  the  filter.  Small  particles  of  the  precipitate,  adhering  firmly  to 
the  glass,  are  removed  -with  a  feather.  If  this  fails  to  eftect  their  com- 
plete removal,  they  should  be  dissolved  in  a  few  drops  of  highly  dilute 
hydrochloric  acid,  ammonia  added  to  the  solution,  and  the  oxalate  ob- 
tained added  to  the  first  precipitate.  Deviations  from  the  rules  laid 
down  here  will  generally  give  rise  to  the  passing  of  a  turbid  fluid 
through  the  filter.  After  having  washed  the  precipitate,  dry  it  on  the 
filter  in  the  funnel,  and  ti'ansfer  the  dry  precipitate  to  a  platinum  cru- 
cible, taking  care  to  remove  it  as  completely  as  possible  from  the  filter  ^ 
bum  the  filter  on  a  piece  of  platinum  wii^,  letting  the  ash  drop  into  the 
hollow  of  the  lid  ;  put  the  latter,  now  inverted,  on  the  crucible,  so  that 
the  filter  ash  may  not  mix  with  the  precipitate ;  heat  at  first  very  gently, 
then  more  strongly,  until  the  bottom  of  the  cinicible  is  heated  to  very 
fiBLint  redness.  Keep  it  at  that  temi)erature  from  ten  to  fifteen  minutes, 
removing  the  lid  from  time  to  time.  I  am  accustomed  during  this  opera- 
tion to  move  the  lamp  backwards  and  forwards  under  the  cnicible  i^dth 
the  hand,  since,  if  you  allow,  it  to  stand,  the  heat  may  very  easily  get 
too  high.  Finally  allow  to  cool  in  the  desiccator  and  weigh.  After 
weighing,  moisten  the  contents  of  the  crucible,  which  must  be  perfectly 
white,  or  barely  show  the  least  tinge  of  gray,  with  a  little  water,  and 
test  this  after  a  time  with  a  minute  slip  of  turmeric  paper.  Should  the 
paper  turn  brown — a  sign  that  the  heat  applied  was  too  strong — rinse 
off  the  fluid  adhering  to  the  paper  with  a  little  water  into  the  crucible, 
throw  in  a  small  lump  of  pui*e  carbonate  of  ammonia,  evaporate  to  dry- 
ness (best  in  the  water-bath),  heat  to  very  faint  redness,  and  weigh 
the  residue.  If  tlie  weight  has  increased,  repeat  the  same  operation  un- 
til the  weight  remains  constant.  Tliis  method  gives  nearly  absolutely 
accurate  results;  and  if  the  application  of  heat  is  properly  managed, 
there  is  no  need  of  the  tedious  evaporation  with  carbonate  of  ammonia, 
A  direct  experiment,  No.  69,  gave  99*99  instead  of  100. 

For  the  properties  of  the  precipitate  and  residue,  see  §  73. 

If  the  quantity  of  oxalate  of  lime  obtained  is  only  very  trifling,  I  pre- 
fer to  convert  it  into  caustic  lime  or  into  the  sulphate.  To  effect  the 
former,  the  oxalate  of  lime  is  heated  to  intense  redness,  in  a  small  plati- 
num crucible,  over  a  gas  blow-pipe  flame  for  some  time.  The  conver- 
sion of  the  oxalate  into  sulphate  is  eflected  most  conveniently  by  Schrot- 
ter's  method,  viz.,  ignition  with  p\ire  sulphate  of  ammonia. 

Many  chemists  prefer  collecting  the  oxalate  of  lime  upon  a  weighed 
filter,  and  drying  at  100°.  Thus  obtained  it  consists  of  2  Ca  O,  C40e-|-2 
aq.     This  method,  besides  being  more  tedious,  gives  less  accurate  i*esulta 
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tlian  that  -based  on  the  conversion  of  the  oxalate  into  the  cai'bonate. 
The  direct  experiment,  No.  70,  gave  100*46  instead  of  100. 

Instead  of  weighing  the  oxalate  of  lime  as  such,  or  in  form  of  carbon« 
ate,  <bc.,  the  quantity  of  lime  present  in  the  salt  may  be  ietermined  also 
by  two  different  volumetric  methods. 

a.  Ignite  the  oxalate,  converting  it  thus  into  a  mixture  of  carbonate 
and  caustic  lime,  and  determine  the  quantity  of  the  lime  by  the  alkalimet- 
ric  method  described  in  §  210 ;  or, 

h.  Determine  the  oxalic  acid  in  the  well-washed  but  still  moist  oxalate 
of  lime  by  means  of  permanganate  of  potassa  (§  137),  and  reckon  for 
each  equivalent  of  bibasic  oxalic  acid  2  equivalents  of  lime  (Hempel). 

With  proper  care,  both  these  volumetric  methods  give  as  accurate 
results  as  those  obtained  by  weighing.  (Comp.  Expt.  No.  71.)  They 
deserve  to  be  recommended  more  particularly  in  cases  where  an  entire 
series  of  quantitative  estimations  of  Ume  has  to  be  made.  Under  cei-tain 
circumstances  it  may  also  prove  advantageous  to  precipitate  the  lime 
with  a  measured  quantity  of  a  standard  solution  of  oxalic  acid  or  qua- 
droxalate  of  potasisa,  filter,  and  determine  the  excess  of  oxalic  acid  in 
the  filtrate.     (Khaut.*) 

/3.   The  Salt  18  insoluble  in  Water, 

Dissolve  the  salt  in  dilute  hydrochloric  acid.  If  the  acid  combined 
with  the  lime  is  of  a  nature  to  escape  in  this  opei*ation  {e^g.,  carbonic 
acid),  or  to  admit  of  its  separation  by  evapoi-ation  (e.g.,  silicic  acid), 
proceed,  aftei-  the  removal  of  the  acid,  as  directed  in  a.  But  if  the  acid 
cannot  thus  be  readily  got  rid  of  (c.//.,  phosphoric  acid),  proceed  as  fol- 
lows: add  ammonia  until  a  precipitate  begins  to  form,  re-dissolve  this 
with  a  drop  of  hydrochloric  acid,  add  oxalate  of  ammonia  in  excess,  and 
finally  acetate  of  soda ;  allow  the  precipitate  to  subside,  and  proceed  for 
the  remainder  of  the  opex-ation  as  directed  in  a.  In  this  process  the  free 
hydrochloric  acid  present  combines  with  the  ammonia  and  soda  of  the 
oxalate  and  acetate,  liberating  a  corresponding  quantity  of  oxalic  acid  and 
acetic  acid,  in  which  acids  oxalate  of  lime  is  nearly  insoluble.  The 
method  yields  accurate  results.  A  direct  experiment,  No.  72,  gave 
99-78  instead  of  100. 

c.  Hi/  Ignition, 

The  same  method  as  described  §  101,  2,  h  (baryta).  The  residue  re 
niaining  upon  evaporation  with  carbonate  of  ammonia  (which  operation 
it  is  advisable  to  perform  twice)  must  be  ignited  very  gently.  The 
remai-ks  made  in  §  101,  2,  6,  in  reference  to  the  accuracy  of  the  results^ 
apply  equally  here.  By  way  of  control,  the  carbonate  of  lime  may  be 
converted  into  the  caustic  state  or  into  sulphate  of  lime  (see  6,  a),  or  ii 
may  be  determined  alkalimetrically  (§210). 


§104, 

4.  Magnesia. 
a,  SchiMon, 
Many  of  the  compounds  of  magnesia  are  soluble  ir.  water ;   thosts 

*  Chem.  Centralblatt,  1856,  316. 
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which  arc  iiifloluble  in  that  menstruum  dissolve  in  hjdrocLlorlo  acid^ 
with  the  exception  of  some  silicates  and  aluminates. 

h.  Determination, 

Magnesia  is  weighed  (§  74)  either  as  svlphcUe  or  as  pyrophosphaiej  oi 
as  pure  magnesicL  In  the  pure  state,  or  in  form  of  carbonate,  it  may  bo 
determined  also  hj  the  alkalimetric  method  described  in  §  210. 

We  may  convert  into 

1.  Sulphate  of  Magnesia. 

a.  Dvrecdy.  6.  Tndvreetlf/, 

All  compounds  of  magnesia  with  All  compounds  of  magnesia  so- 
volatile  acids,  provided  no  other  non-  luble  in  water,  and  also  those 
volatile  substance  be  present.  wluch,  insoluble   in  that  men- 

struum, dissolve  in  hydrochloric 
acid,  with  separation  of  their 
acid  (provided  no  ammoniacal 
salts  be  present). 

2.  Pyrophosphate  op  Magnesia. 
All  compounds  of  magnesia  without  exception. 

3.  Pure  Magnesia. 

a.  Salts  of  magnesia  with  oiganic  acids,  or  with  readily  volatile  in- 
organic oxygen  acids. 

b.  Chloride  of  magnesium,  and  the  compounds  of  magnesia  converti- 
ble into  that  salt. 

The  direct  determination  as  sulphate  of  magnesia  is  highly  recom- 
mended in  all  cases  where  it  is  applicable.  The  indirect  conversion  into 
the  siilphate  serves  only  in  the  case  of  certain  separations,  and  is  hardly 
ever  had  recourse  to  where  it  can  possibly  be  avoided.  The  deter- 
mination as  pyrophosphate  is  most  generally  resorted  to ;  especially  also 
in  the  separation  of  magnesia  from  other  bases.  The  method  based  on 
the  conversion  of  chloride  of  magnesium  into  pure  magnesia  is  usually 
resorted  to  Only  to  effect  the  separation  of  magnesia  from  the  fixed  alkar 
lies.  Compounds  of  magnesia  with  phosphoric  acid  are  analyzed  aa 
§  134  directs. 

1.  Determination  aa  StdpJiate  of  Magnesia, 

Add  to  the  solution  excess  of  pure  dilute  sulphuric  acid,  evaporate  to 
diyness,  in  a  weighed  platinum  dish,  on  the  water-bath ;  then  heat  at 
first  cautiously,  aftei*wards,  with  the  cover  on  more  strongly — ^here  it  is 
ad\'isable  to  place  the  lamp  so  that  the  flame  may  play  obliquely  on  the 
cover  from  above — until  the  excess  of  sulphuric  acid  is  completely 
expelled  ;  lastly,  ignite  gently  over  the  lamp  for  some  time ;  allow  to 
cool,  and  weigh.  Should  no  fumes  of  hydrated  sulphuric  acid  escape 
upon  the  application  of  a  strongish  heat,  this  may  be  looked  upon  as  a 
sure  sign  that  the  sulphuric  acid  has  not  been  added  in  sufficient  quan- 
tity, in  which  case,  after  allowing  to  cool,  a  fresh  portion  of  sulphuric 
acid  is  added.  The  method  yields  very  accurate  results.  Care  must  be 
taken  not  to  use  a  veiy  large  excess  of  sulphuric  acid.   The  residue  must 
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be  exposed  to  a  moderate  red  heat  only,  and  weighed  rapidly.     For  the 
pniperties  of  the  residue,  see  §  74. 

2.  Determination  aa  JPf/rophosphate  of  Magnesia, 

The  solution  of  the  salt  of  magnesia  is  mixed*  in  a  beaker,  with  chlo- 
ride of  ammonium,  and  ammonia  added  in  slight  excess.  Should  a  pre- 
cipitate form  upon  the  addition  of  ammonia,  this  may  be  considered  a 
sign  that  a  sufficient  amount  of  chloride  of  ammonium  has  not  been 
used ;  a  fresh  amount  of  that  salt  must  consequently  be  added,  sufficient 
to  effect  the  re-solution  of  the  precipitate  formed.  The  clear  fluid  is 
then  mixed  with  a  solution  of  phosphate  of  soda  in  excess,  and  the  mix- 
ture stirred,  taking  care  to  avoid  touching  the  sides  of  the  beaker  with 
the  stirring-rod ;  otherwise  particles  of  the  precipitate  are  apt  to  adhere 
BO  firmly  to  the  rubbed  parts  of  the  beaker,  that  it  will  be  found  difficult 
to  remove  them ;  the  beaker  is  then  covered,  and  allowed  to  stand  at 
rest  for  twelve  hours,  without  warming;  after  that  time  the  fluid  is  fil- 
tered, and  the  precipitate  collected  on  the  filter,  the  last  particles  of  it 
being  rinsed  out  of  the  glass  with  a  portion  of  the  filtrate,  with  the  aid 
of  a  feather ;  when  the  fluid  has  completely  passed  through,  the  precipi- 
tate is  washed  with  a  mixtura  of  3  parts  of  water,  and  1  paii;  of  solution 
of  ammonia  of  0*96  sp.  gr.,  the  operation  being  continued  until  a  few 
drops  of  the  fluid  passing  through  the  filter  mixed  with  nitric  aeid  and 
a  drop  of  nitrate  of  silver  show  only  a  very  slight  opalescence. 

The  precipitate  is  now  thoroughly  dried,  and  then  transferred  to  a 
platinum  crucible  (§  53)  ;  the  latter,  with  the  lid  on,  is  exposed  for  some 
time  to  a  very  gentle  heat,  which  is  finally  increased  to  intense  redness. 
The  filter,  as  clean  as  practicable,  is  incinerated  in  a  spiral  of  platinum 
^wire,  and  the  ash  transfen*ed  to  the  crucible,  which  is  then  once  more 
exposed  to  a  red  heat,  allowed  to  cool,  and  weighed. 

For  the  properties  of  the  precipitate  and  residue,  see  §  74. 

This  metiiod,  if  properly  executed,  yields  most  accurate  results.  The 
precipitate  must  be  washed  completely,  but  not  over-washed,  and  the 
"washing  water  must  always  contain  the  requisite  quantity  of  ammonia. 

Direct  experiments,  No.  73,  a  and  5,  gave  respectively  100*43  and 
100-30  instead  of  100. 

3.  Determination  as  pure  3fagnesia, 

a.  In  Salts  of  Magnesia  with  Organic  or  Volatile  Jnorganic  Acids, 

The  salt  of  magnesia  is  gently  heated  in  a  covered  platinum  crucible, 
increasing  the  temperature  gradually,  until  no  more  fumes  escape ;  the 
lid  is  then  removed,  and  the  crucible  placed  in  an  oblique  position,  with 
the  lid  leaning  against  it.  A  red  heat  is  now  applied,  until  the  residue 
is  perfectly  white.  For  the  properties  of  the  residue,  see  §  74.  The 
method  gives  the  more  accurate  results  the  moi'e  slowly  the  salt  is  heated 
fi-om  the  beginning.  Some  loss  of  substance  is  usually  sustained,  owing 
to  traces  of  the  salt  being  carried  off  with  the  empyreumatic  products. 
Salts  of  magnesia  with  readily  volatile  oxygen  acids  (carbonic  acid, 
nitric  acid),  may  be  transformed  into  magnesia  in  a  similar  way,  by  sim- 
ple ignition.  Even  sulphate  of  magnesia  loses  the  whole  of  its  sulphuric 
acid  when  exposed,  in  a  platinum  crucible,  to  the  heat  of  the  gas  blow- 
pipe-flame (Sonkenschein).  As  regards  small  quantities  of  sulphate  of 
r^ygn***^^*^,  I  can  fully  confirm  this  statement. 
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h.  Converrion  of  Chloride  of  Magnewum  into  pure  Magnesic^    See  § 
163,  4,  /• 


THIRD   GROUP  OF  THE   BASES. 
ALUMINA — 8ESQUI0XIDE  OF  CHROMIUM — (tITANIO  AOID). 

§105. 

1.  Alumina. 

a.  Solution, 

Those  of  the  compounds  of  alumina  which  are  insoluble  in  water, 
dissolve,  for  the  most  part,  in  hydrochloric  acid.  Native  crystallized 
alumina  (sapphire,  ruby,  corundum,  &c.),  and  many  native  alumina  com- 
pounds, and  also  artificially  produced  aJumina  after  intense  ignition, 
require  fusing  with  carbonate  of  soda,  caustic  potassa^  or  hydrate  of 
baryta,  as  a  preliminary  step  to  their  solution  in  hydrochloric  acid. 
Many  alumina  compounds  which  resist  the  action  of  concentrated  hydro- 
chloric acid,  may  be  decomposed  by  protracted  heating  with  moderately 
concentrated  sulphuric  acid,  or  by  fusion  with  bisulphate  of  potassa; 
e.g.y  commoii  clay. 

h.  Determination, 

Alumina  is  invariably  weighed  in  the  pure  state  (8  75).  The  several 
compounds  of  alumina  are  converted  into  pure  alumina,  either  by  preci- 
pitation as  hydrate  of  alumina,  and  subsequent  ignition,  or  by  simple 
ignition.  Precipitation  as  basic  acetate  or  basic  foimiate  is  resorted  to 
only  in  cases  of  separation. 

We  may  convert  into 

PURE  alumina. 

a.  By  JPreci2niation.  6.  By  Heoiting  or  Ignition. 

All  compounds  of  alumina  solu-  a.   All   salts  of    alumina    with 

ble  in  water,  and  those  which,  in-  readily  volatile  acids  (c.^.,  nitrate 

soluble   in  that    menstruum,    dis-  of  alumina). 

solve  in  hydrochloric  acid,  with  se-  0.  All  salts  of  alumina  with  or- 

paration  of  their  acid.  ganic  acids. 

With  regard  to  the  method  a,  it  must  be  remembered  that  the  solu- 
tion must  contain  no  organic  substances,  which  woidd  interfere  with  the 
precipitation — e.g,,  tartaric  acid,  sugar,  &c.  Should  such  be  present,  the 
solution  must  be  mixed  with  carbonate  of  soda  and  nitrate  of  potassa, 
evaporated  to  dryness  in  a  platinum  dish,  the  residue  fused,  then  sofV 
ened  with  water,  transferred  to  a  beaker,  digested  with  hydrochloric 
acid,  and  the  solution  filtered,  and  then,  but  not  before,  precipitated. 

The  methods  5,  a  and  3,  are  applicable  only  in  cases  where  no  other 
fixed  substances  are  present.  The  methods  of  estimating  alumina 
in  its  combinations  with  phosphoric,  boracic,  silicic,  and  chromic  acids, 
will  be  found  in  Part  II.  of  this  Section,  under  the  heads  of  these 
■everal  acids. 


/ 
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Determi7w;tum  as  pure  Alv/minck, 

a.  Sy  Precipitation, 

Mix  the  moderately  dilute  hot  solution  of  alumina,  in  a  beaker  or 
difih,  with  a  tolerable  quantity  of  chloiide  of  ammonium,  if  that  salt  is 
<^  not  already  present;  add  ammonia  slightlf/  in  excess,  boil  gently  til] 
/  f.bfl  «t-^flap  (^Aspia  t<3|  brown  turmeric  paj)£r,  allow  to  settle  ;  then  decant 
the  clear  supernatant  fluid  on  to  a  filter,  taking  care  not  to  disturb  the 
precipitate  ;  pour  boiling  water  on  the  latter  in  the  beaker,  stir,  let  the 
precipitate  subside,  decant  again,  and  repeat  this  operation  of  washing 
by  decantation  a  second  and  a  third  time ;  transfer  the  precipitate  now 
to  the  filter,  finish  the  washing  with  boiling  water,  dry  thoroughly, 
ignite  (§  52),  and  weigh.  The  heat  applied  should  be  very  gentle  at 
first,  and  the  crucible  kept  well  covered,  to  guard  against  the  risk  of  loss 
of  substance  from  spirting,  which  is  always  to  be  apprehended  if  the  pre- 
cipitate is  not  thoroughly/  dry  ;  towards  the  end  of  the  process  the  heat 
should  be  raised  to  intense  redness.  In  the  case  of  sulphate  of  alumina 
the  foregoing  process  is  apt  to  leave  some  sulphuiic  acid  in  the  precipi- 
tate, which,  of  course,  vitiates  the  result.  To  insdrfl'  the  removal  of 
this  sulphuric  acid,  the  precipitate  should  be  exposed  for  5-10  min.  to 
the  heat  of  the  gas  blowpipe  flame.  If  there  are  difficnilties  in  the  way, 
preventing  this  proceeding,  the  precipitate,  either  simply  washed  or  mo- 
derately ignited,  must  be  re-dissolved  in  hydrochloric  acid  (which  re- 
quires protracted  warming  with  strong  acid),  and  then  precipitated  again 
"with  ammoida ;  or  the  sulphate  must  first  be  converted  intft  nitrate  by 
decomposing  it  with  nitrate  of  lead,  added  in  very  slight  excess,  the  ex- 
cess of  lead  I'emoved  by  means  of  hydrosulphuric  acid,  and  the  further 
process  conducted  according  to  the  dii-ections  of  a  or  ft.  For  the  pro- 
perties of  hydrate  of  alumina  and  ignited  alumina,  see  §  75.  The 
method,  jif  properly  executed,  gives  very  accurate  results.  But  if  a  con- 
siderable excess  of  ammonia  is  used,  more  particularly  in  the  absence  of 
ammoniacal  salts,  and  the  liquid  is  filtered  without  boiling  or  long 
standing  in  a  warm  place  to  remove  the  ammonia,  no  trifling  loss  may 
be  incurred.  This  loss  is  the  greater,  the  more  dilute  the  solution,  and 
the  larger  the  excess  of  ammonia.  The  precipitate  cannot  well  be  sufiici- 
ently  washed  on  the  filter  on  account  of  its  gelatinous  nature  ;  on  the 
other  hand,  if  it  be  entirely  washed  by  decantation,  a  very  large  quan- 
tity of  wash-water  must  be  used,  hence  it  is  advisable  to  combine  the 
two  methods,  as  directed.* 

&.  2?y  Ignition. 

a.  Compounds  of  Alumina  with  VoUuUe  Acids, 
Ignite  the  salt  (or  the  residue  of  the  evaporated  solution)  in  a  pla- 
tinum crucible,  gently  at  first,  then  gi*adually  to  the  veiy  highest  degree 
of  intensity,  until  the  weight  remains  constant.  For  the  properties  of 
the  residue,  see  §  75.  Its  purity  must  be  carefully  tested.  There  are 
no  sources  of  error. 


^  [When  a  solution  of  alomina  in  hydrate  of  potasRa  or  hydrate  of  soda  is  boiled 
with  ezceas  of  chloride  of  ammoniam,  the  alumina  separates  completely  at  « 
hjdntte  with  two  eq.  of  water,  which  may  be  washed  with  comparative  ease. 
In  oertam  oases,  as  where  alumina  is  separated  from  sesquioxido  of  iron  by 
bjdzate  of  soda,  this  fact  may  be  taken  advantage  of.  LoWE,  Fres.  Zeitschri/t, 
JT.  865.] 
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j8.    Compounds  of  Alumina  vnth  Organic  Acids^ 
The  same  method  bb  descnbed  §  104,  3,  a  (Magnesia). 

§  106. 

2.  Sesquioxide  of  Chromiuh. 

a.  Solution. 

Many  of  the  compounds  of  sesquioxide  of  chromium  are  soluble  in 
water.  The  hjdrated  sesquioxide,  and  most  of  the  salts  insoluble  in 
water,  dissolve  in  hydrochloric  acid.  Ignition  rendera  sesquioxide  of 
chromium  and  many  of  its  salts  insoluble  in  acids ;  this  insoluble  modi- 
fication must  be  prepared  for  solution  in  hydrochloric  acid,  by  fusing 
with  3  or  4  parts  of  potassa.  A  small  quantity  is  converted,  in  the 
process  of  fusing,  into  chromic  acid,  by  the  ax^tion  of  the  air ;  this  is, 
however,  reduced  again  to  sesquioxide  upon  heating  with  hydi'ochloric 
acid.  Addition  of  alcohol  greatly  promotes  the  reduction.  Instead  of 
this  fusing  with  potassa,  we  fi^equently  prefer  to  adopt  a  treatment^ 
whereby  the  sesquioxide  is  at  once  oxidized  and  converted  into  an 
alkaline  chromate  (see  2).  For  the  solution  of  chromic  iron,  see 
§160. 

h.  Determination, 

Sesquioxide  of  chromium  is  always,  when  directly  determined, 
weighed  in  the  pu/re  state.  It  is  brought  into  this  form  either  by  pre- 
cipitation  as  hydrate  and  ignition,  or  by  simple  ignition.  It  may,  how- 
ever, also  be  estimated,  by  conversion  into  chromic  acid,  and  determi- 
nation sjs  such. 

We  may  convert  into 

1.  Pure  Sesquioxide  of  Chboxium. 

o.  Iff/  Precipitation,  h,  Sy  Ignition, 

All   compoimds   of   sesquioxide         a.  All   salts   of  sesquioxide  oi 
of  chromium  soluble  in  water,  and     chromium   with    volatile    oxygen 
also  those  which,  insoluble  in  that    acids,  provided  no  non-volatile  sub- 
menstruum,  dissolve  in  hydrochlo-    stances  be  present, 
ric  acid,  with  sepai*ation  of  their        j3.  Salts  of  sesquioxide  of  chro- 
acid.      Provided  always  that  no    mium  with  organic  acids, 
organic  substances  (such  as  tartaric 
acid,  oxalic  acid,  &c.)  which  inter- 
fere with  the  precipitation  be  pre- 
sent. 

2.  Chromic  acid,  or,  more  correctly  speaking,  alkaline  chroxatk. 

Sesquioxide  of  chromium  and  all  its  salts. 

The  methods  of  analyzing  the  combinations  of  the  sesquioxide  of 
chromium  with  chromic  acid,  phosphoric  acid,  boracic  acid,  and  silicic 
acid,  will  be  found  in  Part  II.  of  this  Section,  under  the  heads  of  theaa 
several  acids. 

1.  Determination  as  Sesquioxide  of  Chromium, 

a,  Dy  Precipitation, 
The  solution,  which  must  not  be  too  highly  concentrated,  is  beated 
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to  100^  in  a  beaker.  Ammonia  is  then  added  slij^htlj  In  excess,  and 
the  mixture  exposed  to  a  temperature  approachiilg  boiling,  until  the 
fluid  over  the  precipitate  is  perfectly  colorless,  presenting  no  longer  the 
least  shade  of  red ;  let  the  solid  particles  subside,  wash  three  times 
by  decantation,  and  lastly  on  the  filter,  with  hot  water,  dry  thoroughly, 
and  ignite  (§  52).  The  heat  in  the  latter  process  must  be  increased 
gradually,  and  the  crucible  kept  covered,  otherwise  some  loss  of  sub- 
stance is  likely  to  arise  from  spirting  upon  the  incandescence  of  the  ses- 
quioxide  of  chromium  which  marks  the  passing  of  the  soluble  into  the 
insoluble  modification.  For  the  properties  of  the  precipitate  and  resi- 
due, see  §  76.  This  method,  if  properly  executed,  gives  very  accurate 
results. 

b.  l^y  Ignition, 

o.  Salts  of  Seaquioxide  of  Chromium  with  Volatile  Acids, 
The  same  method  as  described,  §  105,  &,  a  (Alumina). 

b.  Salts  of  Sesquioxide  of  Cliromium  tvith  Organic  Acids, 
The  same  method  as  described  §  104,  3,  a  (Magnesia). 

2.  Conversion  of  Sesquioxide  of  Chromium  into  Chromic  Acid. 
(For  the  estimation  of  chromic  acid,  see  §  130.) 

The  following  methods  have  been  proposed  with  this  view : — 

a.  The  solution  of  the  salt  of  sesquioxide  of  chix)mium  is  mixed 
"with  solution  of  potassa  or  soda  in  excess,  until  the  hydrated  sesquioxide, 
"which  fonns  at  first,  is  redissolved.  Chlorine  gas  is  then  conducted 
into  the  cold  fluid  until  it  acquires  a  yellowish-red  tint ;  it  is  then 
mixed  with  potassa  or  soda  in  excess,  and  the  mixture  'evaporated  to 
dryness ;  the  residue  is  ignited  in  a  platinum  crucible.  -  he  whole  of 
the  chlorate  of  potassa  (or  soda)  formed  is  decomposed  by  this  process, 
and  the  residue  consists,  therefore,  now  of  an  alkaline  chromate  and 
chloride  of  potassium  (or  sodium). — (Vohl.) 

b.  Hydrate  of  potassa  is  heated  in  a  silver  crucible  to  calm  fusion ; 
the  heat  is  then  somewhat  moderated,  and  the  perfectly  dry  com- 
pound of  sesquioxide  of  chromium  projected  into  the  crucible.  When 
the  sesquioxide  of  chromium  is  thoroughly  moistened  with  the  potassa, 
umall  lumps  of  fused  chlorate  of  potassa  are  added.  A  lively  efferve- 
scence ensues,  from  the  escape  of  oxygen ;  at  the  same  time  the  mass 
acquires  a  more  and  more  yellow  color^  and  finally  becomes  clear  and 
transpai'ent.     Loss  of  substance  must  be  carefully  guarded  against  (H. 

SCHI^'ARZ). 

c.  Dissolve  the  sesquioxide  of  chromium  in  solution  of  potassa  or 
Boda,  add  binoxide  of  lead  in  sufiicient  excess,  and  warm.  The  yellow 
fluid  produced  contains  all  the  chromium  as  chromate  of  lead  in  alka- 
line solution.  Filter  from  the  excess  of  binoxide  of  lead,  add  to  the  filtrate 
acetic  acid  to  acid  reaction,  and  determine  the  weight  of  the  precipi- 
tated chromate  of  lead  (G.  Chancel  '*'). 

[d.  Bender  the  solution  of  sesquioxide  of  chromium  nearly  neutral 
by  a  solution  of  carbonate  of  soda,  add  acetate  of  soda  in  excess,  heat 
and  add  chlorine  water,  or  pass  in  chlorine  gas,  keeping  the  solution 
nearly  neutral  by  occasional  addition  of  carbonate  of  soda.     The  oxida- 

*  Gomp.  rend.  43,  997. 
12 
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tion  proceeds  readily.     Boil  off  excess  of  chlorine,  when  ihe  chromic 
acid  may  be  precipitated  as  chromate  of  lead  or  chromate  of  baryta 

(W.  GiBBS*).] 


§  107. 
Supplement  to  the  Third  Cfroup. 

Titanic  Acid. 

Titanic  acid  is  always  weighed  in  the  pure  state ;  its  separation  is 
effected  either  by  precipitation  with  an  alkali  or  by  boiling  its  dilute 
acid  solution.  In  precipitating  acid  solutions  of  titanic  acid  ammonia 
is  employed ;  take  care  to  add  the  precipitating  agent  only  in  slight 
excess,  let  the  precipitate  formed,  which  resembles  hydrate  of  alumina, 
deposit,  wash,  first  by  decantation,  then  completely  on  the  filter,  dry, 
and  ignite  (§  52).  If  the  solution  contained  sulphuric  acid,  put  some 
carbonate  oi  ammonia  into  the  crucible,  after  the  first  ignition,  to  se- 
cure the  removal  of  every  remaining  trace  of  that  acid.  Lose  no  time 
in  weighing  the  ignited  titanic  acid,  as  it  is  slightly  hygroscopic.  If  we 
have  titanic  acid  dissolved  in  sulphuric  acid,  as  for  instance  occurs 
when  we  fuse  it  with  bisulphate  of  potassa  and  treat  the  masj?  with 
cold  water,  we  may,  by  largely  diluting,  and  long  boiling,  with  renewal 
of  the  evaporating  water,  fully  pi-ecipitate  the  titanic  acid.  Thus 
sepai'ated,  it  is  easy  to  wash.  In  the  process  of  igniting  the  dned  pre- 
cipitate, some  carbonate  of  ammonia  is  added.  From  dilute  hydro- 
chloric acid  solutions  of  titanic  acid,  the  latter  separates  completely 
only  upon  evaporating  the  fluid  to  dryness ;  and  if  the  precipit-ate  in 
that  case  were  washed  with  pure  water,  the  filtrate  would  be  milky ; 
acid  must,  therefore,  be  added  to  the  water. 

Hydrate  of  titanic  acid  precipitated  in  the  cold,  washed  with  cold 
water,  and  dried  without  elevation  of  temperature,  is  completely  solu- 
ble in  hydrochloric  acid ;  otherwise  it  dissolves  only  incompletely  in 
that  acid.  Titanic  acid  thrown  down  from  dilute  acid  solutions  bv 
boiling,  is  not  soluble  in  dilute  acids.  Ignited  titanic  acid  does  not  dis- 
solve e\en  in  concentrated  hydrochloric  acid,  but  it  does  dissolve  by  long 
heating  with  tolerably  concentrated  sulphuric  acid.  The  easiest  way 
of  effecting  its  solution  is  to  fuse  it  for  some  time  with  bisulphate  of 
potassa,  and  treat  the  fused  mass  with  a  large  quantity  of  cold  water. 
Upon  f\ising  with  carbonate  of  soda,  titanate  of  soda  is  formed,  which, 
when  treated  with  water,  leaves  acid  titanate  of  soda,  which  is  soluble 
in  hydrochloric  acid.  Titanic  acid  (Ti  O.)  consists  of  60*98  per  cent,  of 
titanium,  and  39*02  per  cent,  of  oxygen. 


FOURTH   GROUP   OP   THE   BABES. 


Oxide  of  Zinc — Protoxide  op  Manganese — ^Protoxide  of  Nickel — 
Protoxide  op  Cobalt — Protoxide  op  Iron — Sesquioxide  op  Irok — 
(Sesquioxide  of  Uranium). 

♦  [Am.  Jonm.  Sd.  2  Ser.  89,  58.] 
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§  108. 

1.  Oxide  of  Zinc. 

a.  Solutwn. 

Many  of  the  salts  of  zinc  are  soluble  in  water.  Metallic  zinc,  oxide  of 
zinc,  and  the  salts,  which  are  insoluble  in  water,  dissolve  in  hydrochloric 
acid.  To  dissolve  sulphide  of  zinc  it  is  best  to  employ  nitric  acid  or  aqua 
rcgia. 

b.  Determination. 

Zinc  is  weighed  either  as  oxide  or  as  sulphide  (§77).  The  conversion 
of  the  salts  of  zinc  into  the  oxide  is  effected  either  by  precipitation  as 
basic  carbonate  or  sulphide  of  zinc,  or  by  direct  ignition.  Besides  these 
gravimetric  methods,  several  volumetric  methods  are  in  use. 

We  may  convert  into 

1.  Oxide  of  Zinc. 

a.  JBy  Precipitation  as  Carbonate  b,  J5y  Precipitation  as  Sulphide 
of  Zinc,  of  Zinc. 

All   the  salts  of  zinc  which  are         All  compounds  of  zinc  without 
soluble  in  water,  and  all  those  with     exception, 
organic  volatile  acids ;    also   those 
salts   of    zinc   which,   insoluble    in 
water,  dissolve  in  hydrochloric  acid, 
with  separation  of  their  acid. 

c.  -By  direct  Ignition, 

Salts  of  zinc  with  volatile  inorganic  oxygen  acids. 

2.  Sulphide  of  Zinc. 

All  compounds  of  zinc  without  exception. 

The  method  1,  c,  is  to  be  recommended  only,  as  regards  the  more  fre- 
quently occurring  compounds  of  zinc,  for  the  carbonate  and  the  nitrate. 
The  methods  1,  6,  or  2,  are  usually  only  resorted  to  in  cases  where  1,  a, 
is  inadmissible.  They  serve  more  especially  to  separate  oxide  of  zinc 
from  otHer  bases.  Salts  of  zinc  with  organic  acids  cannot  be  converted 
into  the  oxide  by  ignition,  since  this  process  would  cause  the  reduction 
and  volatilization  of  a  small  portion  of  the  metal.  If  the  acids  are  volatile, 
the  zinc  may  be  determined  at  once,  according  to  method  1,  a :  if,  on  th« 
contrary,  the  acids  are  non-volatile,  the  zinc  is  best  precipitated  as  sul- 
phide. For  the  analysis  of  chromate,  phosphate,  borate,  and  silicate  of 
zincy  look  to  the  several  acids.  The  volumetric  methods  are  chiefly  em- 
ployed for  technical  purposes ;  see  Special  Part. 

1.  Detemwnation  as  Oxide  of  Zinc, 

€L  Sy  Precipitation  as  Carbonate  of  Zinc, 

Heat  the  moderately  dilute  solution  nearly  to  boiling  in  a  capacious 
^e«Bel,  best  in  a  platinum  dish  ;  add,  drop  by  drop,  carbonate  of  soda  in 
excess;  boil  a  few  minutes ;  allow  to  subside,  decant  through  a  filter,  and 
boil  the  precipitate  three  times  with  water,  decanting  each  time ;  then 
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transfer  the  precipitate  to  the  filter,  wash  completely  with  hot  water,  dry, 
and  ignite  as  Uirected  §  53,  taking  care  to  have  the  filter  as  clean  as  prac* 
ticable,  before  proceeding  to  incinerate  it.  Should  the  solution  contain 
ammoniacal  salts,  the  ebullition  must  be  continued  until,  upon  a  fresh  addi- 
tion of  the  carbonate  of  soda,  the  escaping  vapor  no  longer  imparts  a  brown 
tint  to  turmeric  paper.  If  the  quantity  of  anmioniacal  salts  present  is  con- 
siderable, the  fluid  must  be  evaporated  boiling  to  dryness.  It  is,  therefoi«, 
in  such  cases  more  convenient  to  precipitate  the  zinc  as  sulphide  (see  6). 

The  presence  of  a  great  excess  of  acid  in  the  solution  of  zinc  must  be  as 
much  as  possible  guarded  against,  that  the  effervescence  from  the  escaping 
carbonic  acid  gas  may  not  be  too  impetuous.  The  filtrate  must  always  be 
tested  with  sulphide  (with  addition  of  chloride)  of  ammonium  to  ascertain 
whether  the  whole  of  the  zinc  has  been  precipitated  ;  a  digJU  precipitate 
will  indeed  invariably  form  upon  the  application  of  this  test ;  but,  if  the 
process  has  been  properly  conducted,  this  is  so  insignificant  that  it  may  be 
altogether  disregarded,  being  limited  to  some  exceedingly  slight  and  im- 
ponderable flakes,  which  moreover  make  their  appearance  only  after  many 
hours'  standing.  If  the  precipitate  is  more  considerable,  however,  it  must 
be  treated  as  directed  in  6,  and  the  weight  of  the  oxide  of  zinc  obtained 
added  to  that  resulting  from  the  first  process.  For  the  properties  of  the 
precipitate  and  residue,  see  §  77.  This  method  yields  pretty  aocurate 
results,  though  they  are  in  most  cases  a  little  too  low,  as  the  precipitation 
is  never  absolutely  complete,  and  as  particles  of  the  precipitate  will  always 
and  unavoidably  adhere  to  the  filter,  which  exposes  them  to  the  chance  of 
reduction  and  volatilization  during  the  process  of  ignition.  On  the  other 
hand,  tho  results  are  sometimes  too  high ;  this  is  owing  to  defective  washing, 
as  may  be  seen  from  the  alkaline  react  ion  which  the  residue  manifests  in  such 
cases.  It  is  advisable  also  to  ascertain  whether  the  residue  will  dissolve  in 
hydrochloric  acid  without  leaving  silicic  acid  ;  this  latter  precaution  is  in- 
dispensable in  cases  where  the  precipitation  has  been  effected  in  aglass  vessel. 

[It  is  often  better,  especially  in  presence  of  ammonia  salts,  to  heat  the 
dry  zinc  salt  with  excess  of  carbonate  of  soda  in  a  platinum  dish  cau- 
tiously to  near  redness,  then  treat  with  hot  water  and  wash  as  directed.] 

b.  J3y  Precipitaiion  as  Sulphide  of  Zinc, 

Mix  the  solution,  contained  in  a  not  too  large  flask  and  sufiiciently 
diluted,  with  chloride  of  ammonium,  then  add  ammonia,  till  the  reaction 
is  just  alkaline,  and  then  colorless  or  slightly  yellow  sulphide  of  ammo- 
nium in  moderate  excess.  If  the  flask  is  not  now  quite  full  up  to  the  neck, 
make  it  so  with  water,  cork,  allow  to  stand  12  to  24  hours  in  a  warm 
place,  wash  the  precipitate,  if  considerable,  first  by  decantation,  then  on 
the  filter  with  water  containing  sulphide  of  ammonium  and  also  less  and 
less  chloride  of  ammonium  (finally  none).  In  decanting  do  not  pour  the 
fluid  through  the  filter,  but  at  once  into  a  flask.  After  thrice  decanting, 
filter  the  fiuid  that  was  poured  off,  and  then  transfer  the  precipitate  to  the 
filter,  finishing  the  washing  as  directed.  The  funnel  is  kept  covered  with 
a  glass  plate.  If  the  zinc  is  not  to  be  determined  according  to  2,  then 
put  the  moist  filter  with  the  precipitate  in  a  beaker,  and  pour  over  it 
moderately  dilute  hydrochloiic  acid  slightly  in  excess.  Put  the  glass 
now  in  a  warm  place,  until  the  solution  smells  no  longer  of  sulphuretted 
hydrogen ;  dilute  the  fluid  with  a  little  water,  filter,  wash  the  original 
filter  with  hot  water,  and  proceed  with  the  solution  of  chloride  of  zinc 
obtained  as  directed  in  a. 
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From  a  aolution  of  acetate  of  zinc  the  metal  may  be  precipitnted  com* 
pletely,  or  nearly  so,  with  sulphuretted  hydrogen  gas,  even  in  presence  of 
an  excess  of  acetic  acid,  provided  always  no  other  acid  be  preiient  (Expt. 
No.  74).  The  precipitated  sulphide  of  zinc  is  washed  with  water  impreg- 
nated with  sulphuretted  hydrogen,  and,  for  the  rest,  treated  exactly  like 
<^  sulphide  of  zinc  obtained  by  precipitation  with  sulphide  of  ammonium. 

Small  quantities  of  sulphide  of  zinc  may  also  be  converted  directly  in- 
to the  oxtde,  by  beating  in  an  open  platinum  crucible,  to  gentle  redness 
at  first,  then,  after  some  time,  to  most  intense  redness. 

c  By  direct  Ignition, 

The  salt  is  exposed,  in  a  covered  platinum  crucible,  first  to  a  gentle 
heat,  finally  to  a  most  intense  heat,  until  the  weight  of  the  residue 
remains  constant.     The  action  of  reducing  gases  is  to  be  avoided. 

2.  Determination  at  Sulpliide  of  Zinc. 

The  precipitated  sulphide  of  zinc,  obtained  as  in  1,  6,  may  be  ignited 
in  hydrogen  and  weighed.  H.  IIose,*  who  has  lately  recommended 
the  process,  employs  the  following  appaiatua. 


a  contains  concentrated  sulphuric  acid,  h,  chloride  of  calcium.  Tkv 
porcelain  crucible  has  a  jierforated  porcelain  or  platinum  cover,  into  the 
opening  of  which  fits  the  porcelain  or  platinum,  tube,  d.  The  latter  is 
provided  with  aa  annular  projection  which  rests  on  the  cover;  the  tube 
itself  extends  some  distance  into  the  crucible.  Wheu  the  sulphide  of 
zinc  has  dried  in  the  filter,  it  is  transferred  to  the  weighed  porcelain 
crucible,  the  filter  ashes  added,  powdered  sulphur  is  sprinkled  over  the 
contents  of  the  crucible,  the  cover  is  placed  on,  and  hydrogen  is  passed  in 
a  moderate  stream,  a  gentle  heat  is  applied  at  first,  which  is  after-  ■ 
vards  raised  for  five  minutes  to  intense  redness;  finally  the  crucible  is 

•  Pogg.  AaaL  UO,  128. 
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allowed  to  cool  with  continued  transmission  of  the  gas,  and  the  sulphide 
of  zinc  is  weighed. 

[Instead  of  the  porcelain  tube  and .  perforated  cover,  a  commoo 
tobacco-pipe  may  be  employed,  the  bowl  of  the  latter  being  inverted 
over  or  within  a  porcelain  crucible.  Sulphuretted  hydrogen  may  be 
advantageously  substituted  for  hydrogen.] 

Obsten's  experiments,  which  were  adduced  by  Rose  in  support  of  the 
accuracy  of  this  method,  were  highly  satisfactory. 

Sulphate,  carbonate,  and  oxide  of  zinc  may  be  converted  into  sulphide 
in  the  manner  just  desciibed.  They  must,  however,  be  mixed  with  an 
excess  of  powdered  sulphur,  otherwise  you  will  lose  some  zinc  from  the 
reducing  action  of  the  hydrogen  (H.  Hose). 

§  109. 

2.  Pbotoxide  of  Manganese. 

a.  Solution, 

Many  of  the  salts  of  protoxide  of  manganese  are  soluble  in  water.  The 
pure  protoxide,  and  those  of  its  salts  which  are  insoluble  in  that  men- 
struum,  dissolve  in  hydrochloric  acid,  which  dissolves  also  the  higher 
oxides  of  manganese.  The  solution  of  the  higher  oxides  is  attended  with 
evolution  of  chlorine — equivalent  in  quantity  to  the  amount  of  oxygen 
which  the  oxide  under  examination  contains,  more  than  the  protoxide 
of  manganese — and  the  fluid,  after  application  of  heat,  is  found  to  con- 
tain protochloride  of  manganese. 

b.  Determination, 

Manganese  is  weighed  either  as  protoseequtoxide,  as  sulpkidey  or  as 
pyrophosphate  (§  78.)  Into  the  form  of  protosesquioxide  it  is  con- 
verted either  by  precipitation  as  carbonate  of  protoxide,  or  as  hydrated 
protoxide,  sometimes  pi-eceded  by  precipitation  as  sulphide  of  manga- 
nese, or  as  binoxide  of  manganese ;  or,  finally,  by  dii'ect  ignition. 
[When  estimated  as  pyrophosphate  it  is  precipitated  as  ammonio-phos- 
phate.] 

Manganese  may  be  determined  volumetrically  in  two  different  ways, 
one  being  applicable  to  any  solution  of  protoxide  of  manganese,  provided 
it  be  free  from  any  other  substance  which  exerts  a  reducing  action  on 
alkaline  solution  of  ferricyaniile  of  potassium,  the  other  Ixiiug  only  admis- 
sible, when  we  have  manganese  in  the  condition  of  a  j>erfectly  definite 
higher  oxide,  and  free  from  other  bodies,  which  evolve  chlorine  on  boil- 
ing with  hydrochloric  acid. 

We  may  convert  intK)  * 

1.  Protosesquioxide  of  Manganese. 

a.  Sy  Precipitation  as  Carho-  b.  J^y  Precipitation  as  Hydras 
ncUe  of  Protoxide  of  Manganese,       ed  Protoxide  of  Manganese, 

All  the  soluble  salts  of  manga-         All  the  compounds  of  manganese, 
nese  with  inorganic  acids,  and  all  its     with  the    exception  of    its    salta 
salts  with  volatile   organic   acids  ;     with  non-volatUe  organic  acids. 
also  those  of  its  salts  which,  insoluble 
in  water,  dissolve  in  hydrochloric 
acid  with  sepai*ation  of  their  acid. 
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e.  Sy  PredpiUUion  (m  Svlphide        d.  By  Separation  as  Binaxidi 
of  Manganese,  of  Manganese, 

All   compounds  of    manganese         All  compounds  of  manganese  in 
without  exception*  a  slightly  acid  solution,  especially 

acetate  and  nitrate  of  protoxiile  o^ 
manganese. 

c  JBy  direct  Ignition, 

All  oxygen  compounds  of  man- 
ganese; salts  of  manganese  with 
readily  volatile  acids,  and  with  or- 
ganic acids. 

2.  Sulphide  of  Manganese. 
All  compounds  of  manganese  without  exception. 

3.  Pyrophosphate  of  Manganese. 

All  the  oxides  and  many  of  the  salts  of  manganese. 

The  method  1,  e,  is  simple  and  accurate,  b\it  seldom  admissible.  The 
method  1,  a,  is  the  most  usually  employed ;  if  one^s  choice  is  free,  it  is 
to  be  preferred  to  1,  6.  The  methods  1,  c,  and  2,  are  generally  used, 
when  the  methods  1,  a,  or  6,  cannot  be  adopted — say  on  account  of  the 
presence  of  a  non-volatile  organic  substance,  and  also  when  we  have  to 
separate  manganese  from  o&er  metals.  The  latter  object  may  be  at- 
tained also  by  the  method  1,  d.  The  process  3,  is  very  convenient  and 
accurate  in  absence  of  alkaline  earth  and  heavy  metals.  The  phosphate 
and  borate  of  manganese  are  treated,  either  according  to  the  method 
1,  6,  as  the  salts  precipitated  from  acid  solution  by  potassa  are  com- 
pletely decomposed  upon  boiling  with  excess  of  potassa,  or  according 
to  the  method  2.  In  silicates  the  manganese  is  determined  after  the 
separation  of  the  silicic  acid  (§  HO),  according  to  1,  a,  or  3;  for  the 
analysis  of  chromate  of  protoxide  of  manganese,  see  §  130  (chromic 
acid).  The  volumetric  method  by  reduction  of  ferricyanide  of  potas- 
sium is  compai'atively  new,  and  especially  suited  for  technical  work, 
in  which  the  highest  degree  of  accuracy  is  not  required.  The  estima- 
tion of  manganese  from  the  quantity  of.  chlorine  disengaged  upon  boil- 
ing the  oxides  with  hydrochloric  acid,  is  resorted  to,  more  particii- 
larly,  to  determine  the  degrees  of  oxidation  of  manganese,  and  permits 
also  the  estimation  of  manganese  in  presence  of  other  metals  (see  Sec- 
tion V). 

1.  Determination  as  Protosesquioxide  of  Manganese, 

a,  By  Precipitation  as  Ca/rbonate  of  Protoxide  of  Manganese, 

The  precipitation  and  washing  are  effected  in  exactly  the  same  way 
as  directed  §  108,  1,  a  (determination  of  zinc  as  oxide,  by  precipita- 
tion as  carbonate).  If  the  filtrate  is  not  absolutely  clear,  stand  it  in  a 
warm  place  for  twelve  to  twenty-four  hours.  A  slight  precipitate  will 
then  separate,  which  is  collected  on  another  small  filter.  The  precipi- 
ta|»  is  dried,  and  then  ignited  as  directed  §  53.  The  lid  is  i^moved 
from  the  crucible,  and  a  strong  heat  maintained  until  the  weight  of  the 
residue  remains  constant.     Care  must  be  taken  to  prevent  reducing 
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gasei  finding  their  way  into  the  crucible.  For  the  properties  of  the 
precipitate  and  residue,  see  §  78.  This  method,  if  properly  execut^c], 
gives  accurate  results.  The  principal  point  is  to  continue  the  applica- 
tion of  a  suiBciently  intense  heat  long  enough  to  effect  the  object  in 
view.  It  is  necessary  also  to  ascertain  whether  the  residue  has  not  an 
alkaline  reaction,  and  having  removed  it  from  the  platinum  crucible, 
whether  it  dissolves  in  hydrochloric  acid  without  leaving  silica. 

6.  Sy  PrecipiUttion  as  Hydrated  Protoxide  of  Manganese, 

The  solution  should  not  be  too  concentrated,  and  it  is  best  to  have  it 
in  a  platinum  dish.  Precipitate  with  solution  of  pure  soda  or  {)ota8SA, 
and  proceed  in  all  other  respects  as  in  a. 

If  phosphoric  acid  is  present,  or  boracio  acid,  the  fluid  must  be  kept 
boiling  for  some  time  with  an  excess  of  alkali.  For  the  properties  of  the 
precipitate,  see  §  78. 

c.  JSy  Precipitation  as  Sulphide  of  Manganese, 

The  solution  contained  in  a  comparatively  small  fiask  and  not  too  di- 
lute is  first  mixed  with  chloride  of  ammonium  (if  an  ammonia  salt  is  not 
already  present  in  sufficient  quantity),  then — ^if  the  fluid  is  a^id — with 
ammonia,  till  it  reacts  neuti*al  or  very  slightly  alkaline ;  now  add  yellow 
sulphide  of  ammonium  in  moderate  excess,  if  the  flask  is  not  already 
quite  full  up  to  the  neck,  add  water  till  it  is,  cork,  stand  it  in  a  warm 
place  for  at  least  twenty-four  hours,  wash  the  precipitate  if  at  all  consi* 
derable,  first  by  decantation,  then  on  the  filter,  using  water  containing 
siilphide  of  ammonium,  and  also  giadually  diminished  quantities  of 
chloiide  of  ammonium  (finaUy  none).  In  decivnting,  pour  the  fluid  in 
a  flask,  not  on  the  filter.  After  decanting  three  times,  filter  tlie  fluids 
that  have  been  poured  off,  ti'ansfer  the  precipitate  to  the  filter,  aud  finibh 
the  washing  as  above  directed,  without  interruption.  Kee}»  the  funnel 
covered  with  a  glass  plate.  If  you  do  not  prefer  to  determine  according 
to  2,  proceed  as  follows : — Put  the  moist  fUter  with  the  precipitate  into 
a  beaker,  add  hydrochloric  acid,  and  warm  until  the  mixture  smells  no 
longer  of  sulphuretted  hydrogen ;  filter,  wash  the  residuary  pai>er  care- 
fully, and  precipitate  the  filtrate  as  directed  in  a.  The  results  ai'e  satis- 
factory, compai-e  §  78,  e. 

d.  Jiy  Separation  as  Binoxide  of  Manganese, 

Heat  the  solution  of  the  acetate  of  protoxide  of  manganese  or  some 
other  compound  of  the  protoxide  containing  but  little  free  acid,  after 
addition  of  a  sufficient  quantity  of  acetate  of  soda,  to  from  50°  to  60®, 
and  transmit  chlorine  gas  through  the  fluid.  The  whole  of  the  man- 
ganese present  falls  down  as  binoxide  (Schiel, — ^RivoT,  Beui>ant,  aud 
Daguin).  Wash,  first  by  decantation,  then  upon  the  filter ;  dry,  trans- 
fer the  precipitate  to  a  flask,  add  the  filter  a^,  heat  with  hydrochloric 
acid,  filter,  and  precipitate  as  directed  in  a.  If  the  acetate  of  soda  is* 
deficient,  and  especially  if  hydrochloric  acid  is  present,  it  may  happen 
that  the  precipitation  of  the  manganese  by  chlorine  is  not  quit«  com- 
plete ;  it  is  therefore  well,  after  filtering  oft'  the  peroxide,  to  treat  the 
filtrate  with  more  acetate  of  soda,  and  again  pass  chlorine.  The  sepa- 
ration of  manganese  as  binoxide,  by  evapoi'ating  its  solution  in  nit^« 
acid  to  dryness,  and  heating  the  residue,  finally  to  155**,  is  given  in 
Section  V. 
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[Bromine  may  bo  most  advantageously  substituted  for  chlorir.o  gas. 
When  the  quantity  of  binoxide  is  small  it  may  be  directly  converted  into 
pi*otosesquioxide  by  intense  ignition,  as  it  retains  but  one  or  two  ]>ei 
cent,  of  alkali.     It  may  also  be  estimated  as  pyrophosphate,  §  109,  3. 

«-  Sy  direct  Ignition^ 

The  manganese  compound  under  examination  is  introduced  into  a  pla- 
tinum crucible,  which  is  kept  closely  covered  at  firsrt,  and  exposed  to  a 
gentle  heat ;  after  a  time  the  lid  is  taken  off,  and  replaced  looselv  on  tlie 
crucible,  and  the  heat  is  increased  to  the  highest  degree  of  iiitensit}-, 
with  careful  exclusion  of  reducing  gases  ;  the  process  is  continued  nntil 
the  weight  of  the  residue  remains  constant.  The  conversion  of  the 
higher  oxides  of  manganese  into  protosesquioxide  of  manganese  re- 
quires more  protracted  and  intense  heating  than  the  convention  of  the 
protoxide.  In  fact,  it  can  hardly  be  effected  without  the  nse  of  a  gas 
blowpipe.  In  the  case  of  salts  of  manganese  with  organic  acids,  cai-o 
must  always  be  taken  to  ascertain  whether  the  wh<rte  of  the  carbon  has 
been  consumed ;  and  should  the  contrary  turn  out  to  be  the  case,  the 
residue  must  either  be  dissolved  in  hydrochloric  acid*  and  the  solution 
precipitated  as  directed  in  o,  or  3  or  it  must  be  repeatedly  evai)orated 
with  nitric  acid,  until  the  whole  of  the  carbon  is  oxidized.  The  method, 
if  properly  executed,  gives  accurate  results.  On  the  other  hand,  if  the 
directions  are  not  carefully  attended  to,  one  must  not  be  surprised  at 
considerable  differences.  In  the  ignition  of  salts  of  manganese  with 
organio  acids,  minute  particles  of  the  salt  are  generally  caiTied  away 
with  the  empyreumatic  products  evolved  in  the  process,  which,  of  course, 
tends  to  reduce  the  weight  a  little. 

2.  Determination  as  Sulphide  of  Manganese, 

The  sulphide  precipitated  as  in  1,  c,  may  be  determined  in  this  form, 
as  follows:  Dry,  transfer  the  precipitate  to  a  crucible,  burn  the  filter, 
add  the  ashes,  strew  some  sulphur  on  the  top,  ignite  strongly  in  hydrc»- 
gen  (till  it  becomes  black)  and  weigh  as  anhydrous  sulphide  of  man- 
gant;se  (H.  KosE  *),  compare  the  analogous  process  for  zinc,  §  10?,  :i. 

Tne  results  obtained  by  Oesten,  and  cited  by  Rose,  are  peifectly  sat- 
isfactory. 

This  method  is  shorter  and  more  convenient  than  dissolving  the  moist 
sulphide  in  hydrochloric  acid,  and  precipitating  with  carbonate  of  soda. 

The  protosulphate  and  all  the  oxides  of  manganese  may  be  sub- 
jected to  this  process  with  the  same  i*esult. 

[3.  Determination  as  Pyroplioapkate  of  Mangamsse. 

To  the  solution  of  man  janese,  which  may  contain  salts  of  ammonia  or 
alkalies,  phosphate  of  soda  is  added  in  large  excess  above  what  is  needful 
u>  convert  the  manganese  into  phosphate.  The  white  precipitate  is  then 
redissolved  in  sulphuric  or  clilorhydiic  acid,  the  liquid  is  heated  to 
boiling,  best  in  a  platinum  dish,  and  ammonia  added  in  excess.  The 
boiling  is  continued  10  —  15  minutes,  whereby  the  white,  semi-gelatinous 
precipitate  first  formed  is  converted  into  rose-colored,  pearly  scales.  The 
whole  is  kept  hot  for  an  hour  longer,  then  filtered  and  washed  with  hot 
wmter  containing  a  little  ammonia.     The  precipitate  of  ammonio-phoa- 
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phate  of  manganese  is  dried,  separated  from  tbe  filter,  aud  conirei-trHl 
by  ignition  into  pyrophosphate.     Kesults  accurate,  see  §  78  (Ui Bits'* 

HKNRYf).] 

4.  Volun\eti*ic  determination  by  the  lieduction  of  Ferricyanule  of 
Potaaaium  (£.  Lenssen  |). 

The  metliod  is  grounded  on  t}ve  fact  that  if  a  solution  of  protoxide  of 
manganese  which  contains  1  eq,  FejOg  to  1  eq.  MnO,  is  acted  on  by  ex 
cess  of  alkaline  solution  of  ferricyanide  of  potassium  at  a  boiling  teiBf 
perature,  all  the  manganese  is  precipitated  as  binoxide,  while  a  corre- 
sponding quantity  of  ferrocyanide  of  potassium  is  formed.  By  deter- 
mining the  latter,  the  amount  of  manganese  present  is  obtained. 

K,  Cfy«+2  KO-f  MnO,S03=2  K,  Cfy  f  KO,SO,-hMnO,. 

Accordingly  1  eq.  manganese  gives  rise  to  2  eq.  feiTocyanide  of  {)otas- 
slum.  Of  course  all  other  reducing  substances  must  be  absent,  and  the 
manganese  must  be  pivsent  entirely  in  the  form  of  proto-salt.  If  tbe 
solution  contains  no  sesquioxide  of  iron,  the  precipitate  is  a  combination 
of  much  binoxide,  with  little  protoxide,  not  always  in  the  same  pro]jor- 
tions.  In  performing  the  process,  mix  first  with  the  acid  solution  of 
protoxide  of  manganese  so  much  sesquichloride  of  iron  that  you  may  be 
sure  of  having  at  least  1  eq.  Fe^O.,  to  1  eq.  MnO,  and  add  the  mixture 
gradually  to  a  boiling  solution  of  ferricyanide  of  potassium,  previously 
rendered  strougl}'  alkaline  with  potassa  or  soda.  After  boiling  together 
a  short  time  the  brownish-blsvck  precipitate  becomes  granular  aud  less 
bulky.  Allow  to  cool  completely^  filter  off  and  wash  the  precipitate, 
acidify  the  filtrate  with  hydrochloric  acid,  and  estimate  the  ferrocyanide 
of  potassium  with  ])ermauganate,  according  to  §  147,  II.,  g,  a.  If  the 
liquid  is  filtered  hot,  the  results  Bxe  too  high,  as  the  filter  in  this  case 
has  a  reducing  action.  The  method  may  be  shortened,  as  follows  :  After 
boiling,  transfer  the  solution,  together  with  the  precipitate,  to  a  measur- 
ing fiask,  allow  to  cool,  fill  up  to  the  mark  with  water,  shake,  and  allow 
to  settle.  Filter  through  a  dry  filter,  take  out  a  certain  quantity  with  a 
pipette,  and  determine  the  feiTocyanide  in  this.  A  slight  source  of  error 
is  here  introduced  by  disregarding  the  volume  of  the  precipitate.  The 
results  adduced  by  Lenssen  are  very  satisfactory.  I  have  myself  repeat- 
edly tested  this  method,  and  I  have  to  remark  as  follows : — 

a.  If  ferricyanide  of  ]iotassium  is  long  boiled  witii  pure  potassa,  a  small 
quantity  of  ferrocyanide  is  invariably  ])roduced. 

6.  Tlie  potassa  must  be  quite  free  from  organic  substances,  and  should 
therefore,  if  there  is  any  doubt  on  this  point,  be  fused  in  a  silver  dish 
before  use,  otherwise  the  error  alluded  to  in  a  may  be  considerably  in- 
creased. 

c.  The  complete  washing  of  the  voluminous  precipitate  is  attended 
with  so  much  difficultv  and  loss  of  time  as  to  render  the  met!  od  moi-^ 
troublesome  than  a  gravimetric  analysis. 

d.  The  abridged  method,  on  the  other  hand,  may  be  of  great  servico 
in'  certain  cases,  especially  when  a  series  of  manganese  determinations 
have  to  be  made,  the  manganese  not  being  in  too  minute  quantities,  and 
the  highest  degi-ee  of  accuracy  not  being  required.  In  my  laboratoiy, 
by  employing  a  slight  excess  of  sesquioxide  of  iron,  97*9 — 100' 12 — 

•  Am.  Jour.  Sci.  2d  Ser.  44.  p.  216.   +  Am.  Jour.  Sd.  2d  Ser.,  47.  p.  130. 
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98-21— 98-99,  and  100-4  were  obtained,  instead  of  100.    The  iniiccuracy 
increases  on  using  a  lai'ge  excess  of  the  iron.* 

6.  Volimietric  determination  by  boiling  tfie  higher  oxides  with  hydro* 
chloric  add^  and  estimating  the  chlorine  evolved. 

The  methods  here  employed  will  be  found  all  together  in  the  Special 
Part  under  "  Valuation  of  Manganese  Ores." 

§  110. 
3.  Protoxide  of  Nickel. 

a.  Solution, 

Many  of  the  salts  of  protoxide  of  nickel  are  sohible  in  water.  Those 
which  are  insoluble,  as  also  the  pure  protoxide,  in  its  common  modiiica- 
cation,  dissolve,  without  exception,  in  hydrochloric  acid.  The  peculiar 
modification  of  protoxide  of  nickel,  discovered  by  Genth,  which  crystal- 
lizes in  octahedra,  does  not  dissolve  in  acids,  but  is  rendei*cd  soluble  by 
fusion  with  bisulphate  of  potassa.  Metallic  nickel  dissolves  slowly,  with 
evolution  of  hydrogen  gas,  when  warmed  with  dilute  hydrochloric  or 
sulphuric  acid  ;  in  nitric  acid,  it  dissolves  vrith  great  readiness.  Sul- 
phide of  nickel  is  but  sparingly  soluble  in  hydrochloric  acid,  but  it  dis- 
solves readily  in  nitrohydrochloric  acid.  Peroxide  of  nickel  dissolves 
in  hydrochloric  acid,  upon  the  application  of  heat,  to  protochloride,  with 
evolution  of  chloririe. 

b.  Determination, 

Protoxide  of  nickel  is  always  weighed  as  such  (g  79).  The  compounds 
of  nickel  are  converted  into  the  pure  protoxide,  usually  by  precipitation 
as  hydi-ated  protoxide,  preceded,  in  some  instances,  by  precipitation  as 
sulphide  of  nickel,  or  by  ignition. 

We  may  convert  into 

PROTOXIDE  OF  NICKEL. 

a.  My  Precipitation  as  Hydrated  b.  By  Precipitation  as  Sidphide 
JProtoxide  or  JScsquioxide  of  Nichd.     of  Nickd, 

All  the  salts  of  nickel  with  in-  All  compounds  of  nickel  with- 
organic  acids  which  are  soluble  in  out  exception, 
water,  and  all  its  salts  with  volatile 
organic  acids ;  likewise  all  salts  of 
nickel  which,  insoluble  in  water, 
dissolve  in  the  stronger  acids,  with 
separation  of  their  acid. 

c  Hy  Ignition, 

The  salts  of  nickel  with  readily  volatile  oxygen  acids, 
or  with  such  oxygen  acids  as  are  decomposed  at  a  high 
temperature  (carbonic  acid,  nitric  acid). 
The  method  c  is  very  good,  but  seldom  admissible.     The  method  a  is 
most  frequently  employed.     In  the  presence  of  sugar,  or  other  non-vola« 
tile  oiganic  substance,  it  cannot  be  used.     In  this  case  we  must  eithci 
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iguite  <]iiid  thereby  destroy  the  organic  miitter  before  precipitating^  or 
we  must  resort  to  the  method  6,  which  otherwise  is  hardly  used  except 
in  separations.  The  combinations  of  the  protoxide  of  nickel  with 
chromic,  phosphoric,  boracic,  and  silicic  acids  are  analyzed  according  to 
the  methods  given  under  the  several  acids. 

Determination  as  Protoxide  of  J^ickd, 

a.  Hy  Precipitation  as  Ilydrated  Protoxide  of  Nickel, 

Mix  the  solution  with  pure  solution  of  potassa  or  soda  in  excess, 
heat  for  some  time '  nearly  to  ebullition,  decant  3  or  4  times,  boiling 
up  each  time,  filter,  wash  the  precipitate  Hior&ughly  with  hot  water, 
dry  and  ignite  intensely  (Russell  *)  (§  63).  The  precipitation 
is  best  effected  in  a  platinum  dish ;  in  presence  of  nitrohydrochloric 
acid,  or,  if  the  operator  does  not  possess  a  sufficiently  capacious  dish  of 
the  metal,  in  a  porcelain  dish  ;  glass  vessels  do  not  answer  the  purpose 
so  well.  Presence  of  ammoniacal  salts,  or  of  free  ammonia,  doe^s  not 
interfere  with  the  precipitation.  For  the  properties  of  the  precipitate 
and  residue,  see  §  79.  This  method,  if  properly  executed,  gives  very 
accurate  results.  The  thorough  washing  of  the  precipitate  is  a  most 
essential  point.  It  is  necessary  also  to  ascertain  whether  the  residue 
has  not  an  alkaline  reaction,  and  whether  it  dissolves  completely  in 
hydrochloric  acid. 

[Addition  of  solution  of  hypochlorite  of  soda  to  the  hot  liquid,  afler 
treatment  with  caustic  soda,  converts  the  protoxide  into  sesquioxide^ 
which  washes  more  easily  than  the  protoxide,  and  is  otherwise  treated 
like  the  latter.] 

6.  By  Precipitation  as  Suljyhide  of  Nickel. 

This  requires  the  greatest  care  and  attention  when  sulphide  of  am- 
monium is  employed. 

a.  The  moderately  dilute  cold  solution  of  nickel  contained  in  a  proper 
sized  flask  is,  if  necessary,  neutralized  with  ammonia  (the  reaction  should 
be  rather  slightly  acid  than  alkaline) :  chloride  of  ammonium  is  added, 
if  not  already  present  in'suflicient  quantity,  and  then  hydrosulphate  of 
sulphide  of  ammonium,  as  lon^;  as  a  precipitate  is  produced.  (The 
NTT^S,  HS  should  be  perfectly  saturated  with  HS ;  it  may  be  colorless  or 
light-yellow.)  A  large  excess  of  the  reagent  must  be  avoided.  After 
mixing,  fill  the  flask  with  water  up  to  the  neck,  cork,  and  allow  to  stand 
about  twenty  four  hours  ^vithout  warming,  but  in  a  moderately  warm 
place.  The  precipitate  has  now  settled,  and  the  clear  supernatant  fluid 
is  colorless  or  slightly  yellow.  Decant,  filter,  and  wash  as  described  in 
the  case  of  sulphide  of  manganese  (§  109,  1,  c).  (Filtrate  and  wash- 
water  must  be  colorless  or  slightly  yellow.)  Dry  the  precipitate  in  the 
funnel,  and  transfer  as  completely  as  possible  from  the  filter,  to  a  lieaker; 
the  filter  is  incinerated  in  a  coil  of  platinum  wire,  or  iipon  the  lid  of  a 
crucible,  and  the  ash  added  to  the  dry  precipitate.  The  precipitate  is 
now  treated  with  concentrated  nitrohvdrochloric  acid,  and  the  mixture 
digested  at  a  gentle  heat,  until  the  whole  of  the  sulphide  of  nickel  ib 
dissolved,  and  the  undissolved  sulphur  appeai*s  of  a  pure  yellow ;  the 
fluid  is  then  diluted,  filtered,  and  the  filtrate  precipitated,  &c.,  as  di- 
rected in  a.  For  the  properties  of  the  precipitate,  see  §  79.  Tb« 
method,  if  properly  executed,  gives  accurate  results. 

If  the  solution  contains  free  ammonia,  or  no  salt  of  ammonia,  the 
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fluid  filtered  off  from  the  sulphide  of  nickel  possesses  always  a  more  or 
lesB  brownish  tint,  and  contains  sulphide  of  nickel  (g  79,  c),  which  must 
be  regained  by  acidifying  with  acetic  acid  and  boiling.  If  the  preci]>i- 
tate  is  not  washed  as  directed,  some  nickel  is  very  likely  to  pass  through 
with  the  wash-water.  If  the  filter  were  not  incinerated,  but  treated  at 
once,  together  with  the  precipitate,  with  nitrohydrochloric  acid,  the  so- 
lution of  the  sulphide  of  nickel  would  contain  organic  substances,  and 
the  soda  or  potassa  would  accordingly  afterwards  fail  to  effect  the  com- 
plete precipitation  of  the  nickel. 

0.  Mix  the  slightly  acidified  solution  of  nickel  with  bicarbonate  of 
ammonia,  so  that  the  free  acid  may  be  neutralized,  and  (he  solution  may 
contain  a  small  excess  of  the  bicarbonate  of  ammonia,  together  with'  free 
carbonic  acid,  and  then  pass  hydi*osulphunc  acid  gas  through  the  mix- 
ture. Precipitation  will  promptly  ensue.  Filter,  and  treat  the  precip- 
itate as  in  a. 

[y.  When  a  boiling  solution  of  8ul])hide  of  sodium*  is  added  to  a 
boiling  ^lution  of  a  salt  of  nickel,  sul{>hide  of  nickel  is  thrown  down 
completely,  and  may  be  filtered  and  washed  with  hot  >vater  without  the 
least  oxidation.  It  is  best  to  add  some  acetic  acid  before  filtering,  to 
destroy  any  excess  of  sul])hide  of  sodium.     (GiBBS.f)] 

It  is  not  advisable  to  convert  the  sulphide  of  nickel  in  Ni^S,  by  ignit- 
ing in  hydix>gen  with  addition  of  sulphur,  and  in  this  form  to  weigh  it, 
as  the  composition  of  the  residue  is  not  quite  constant.     (H.  KosE.) 

c.  J?y  direct  Ignition, 

The  same  method  as  described  §  109,  1,  e,     (Manganese.) 

§111. 

4.  Pbotoxidb  of  Cobalt. 

a.   Solution. 

Protoxide  of  cobalt  and  its  compounds  behave  with  solvents  like  the 
corresponding  compounds  of  nickel ;  metallic  cobalt  like  metallic  nickel. 
The  protosesquioxide  of  cobalt  obtained  by  Schwarzenbekg  in  microscopic 
octahedra  does  not  dissolve  in  boiling  hydrochloric  acid,  or  nitric  acid,  nor 
in  nitrohydrochloric  acid ;  but  it  dissolves  in  concentrated  su]()lnu'ic  acid, 
and  in  fusing  bisul[ihate  of  potassa. 

h.  Determination, 

Cobalt  may  be  weighed  as  meUiUic  cobalt,  protoxide  of  cobalt,  tndphnte 
of  protoxide  of  cobalt,  and  nitrite  of  cobalt  and  2yota88a,  The  convei'sinn 
into  protoxide  is  often  preceded  by  precipitation  as  liydrate<l  sesquioxidc, 
and  conversion  into  the  sulphate  by  precipitation  as  sulphide  of  cobalt. 

We  may  convert  into 

1,  Metallic  Cobalt. 

All  salts  of  cobalt  that  may  be  i-educed  directly  by  hydrogen  gas  (chlo- 
ride of  cobalt,  nitrate  of  {)rotoxide  of  cobalt,  carbonate  of  protoxide  of 
cobalt,  drc.)  and  all  the  oxides. 

♦  [  Pare  sulphide  of  sodium  may  be  procured  by  diBsolvinpr  crystallized  sul- 
phide (NaS.  9  HO),  in  alcohol  of  95  per  cent,  and  recrystallizing  two  or  three 
times  from  the  solvent.  The  pure  salt  is  dried  in  vacno,  and  the  white  ef- 
floresced mass  preserved  in  a  well-stoppered  bottle.     (Gibbs. )] 

[  t  Am.  Jour.  Soi.  2d  Ser.  87,  ^50.] 


100  dbterminatiok.  [§  111. 

2.  Protoxide  of  Cobalt. 

All  salts  of  cobalt  which  are  sohible  in  water,  or  in  stronger  acids,  with 
8epai*ation  of  their  acid,  except  those  with  non-volatile  organic  acids. 
Also  all  the  higher  oxides,  and  all  salts  whose  acids  are  destroyed  or 
expeUed  by  ignition. 

3.  Sulphate  op  Protoxide  op  Cobalt. 
All  compounds  of  cobalt  without  exception. 

4.  Nitrite  op  Cobalt  and  Potassa. 

^11  compounds  of  cobalt  soluble  in  water  or  acetic  acid. 

1.  Determination  ca  Met(dl%c  Cobalt, 

Evaporate  the  solution  of  chloride  of  cobalt,  or  of  nitrate  of  protoxide 
of  cobalt,  which  must  be  free  from  sulphuric  acid  and  alkali,  in  a  weighed 
crucible,  to  dryness  ;  cover  the  crucible  with  a  lid  having  a  small  a)>er- 
ture  in  the  middle,  conduct  through  this  a  moderate  current  of  pure 
dry  hydrogen  gas,  and  then  apply  a  gentle  heat,  which  Ls  to  be  increased 
gradually  to  intense  redness.  When  the  reduction  is  considered  complete, 
let  the  reduced  metal  cool  in  the  current  of  hydrogen  gas,  and  weigh ; 
ignite  again  in  the  same  way  and  repeat  the  process  until  the  weight  of 
the  reduced  metal  remains  constant.  The  results  are  accurate.  For  the 
properties  of  cobalt,  see  §  80. 

[The  oxides  of  cobalt  which  have  been  precipitated  by  an  alkali  after 
ignition  may  be  reduced  in  the  same  manner.  The  metal  retains  a  small 
portion  of  alkali  which  may  be  i-emoved  by  washing  with  hot  ^viater  down 
to  unweighable  traces.  Unless  alkali  absolutely  free  from  silica,  and 
platinum  vessels  be  employed  in  the  precipitation,  the  met^l,  after  weigh- 
ing, should  be  dissolved,  the  solution  evaporated  to  dryness  on  the  watei*- 
bath,  that  any  residue  of  silica  maybe  separated.] 

As  regards  the  apparatus  to  be  employed,  see  tig.  47,  p.  181. 

[2.  Determination  as  Protoxide  of  CohalL  •  r 

a,  Dy  Precipitation  as  HydraAed  JSesquioxide, 

The  solution  is  precipitated  exactly  as  described  for  nickel,  with  solution 
of  soda  umler  addition  of  a  hypochlorite.  §  110,  a.  The  precipitate  is 
also  further  treated  as  there  directed,  with  the  important  difference  that 
the  dried  precipitate  is  ignited  and  cooled  in  a  stream  of  pui  e  carbonic 
acid  gas  until  the  weight  remains  constant.     See  §  80. 

When  precipitated  as  hydraied  sesquioxide  with  reagents  free  from 
silica^  <&c.,  the  precipitate  retains  but  trifling  traces  of  alkali,  and  the 
method  is  very  accurate. 

b,  J?y  Ignition. 

Carbonate  and  nitrate  of  cobalt  are  ignited  in  a  stream  of  carbonic 
acid  as  above.  Organic  salts  are  ignited  in  the  air  until  carbon  is  bui-ned 
offf  and  then  in  an  atmosphere  of  carbonic  acid.  J 

3.  DetermincUian  as  Sulphate  of  Protoxide  of  Cobalt, 

d.  By  direct  Conversion, 

The  solution  is  evapoi-ated  to  dryness,  in  a  platinum  dish  or  platinum 
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crucible  * — (directly,  if  it  contains  sulphate  of  protoxide  of  cobalt ;  but 
if  it  contains  a  volatile  acid,  after  addition  of  a  slight  excess  of  sulphuric 
acid) — and  the  residue  cautiously  heated,  at  a  gradually  increased  tem- 
perature, which  is  finally  raised  to  gentle  redness :  the  application  of 
Ueat  is  continued  until  no  more  fumes  escape  and  the  weight  of  the  cruci- 
ble remains  constant.  In  order  to  avoid  spii*ting  while  heating,  it  is  well 
to  hold  the  flame  above  the  crucible,  and  let  it  play  on  the  cover. 

After  weighing,  the  salt  is  treated  with  hot  water.  If  this  fails  to  effect 
complete  solution  (a  sign  that  the  salt  has  become  basic)  the  residue  is 
(lissolved  in  hydrochloric  acid,  and  the  amount  of  sulphuric  acid  is  then 
estimated  in  the  solution,  as  directed  §  132 ;  the  diHerence  will  be  the 
protoxide  of  cobalt.     The  results  are  accurate. 

For  the  properties  of  sulphate  of  protoxide  of  cobalt  see  §  80. 

b.  Preceded  by  Precipitation  as  Sulphide  of  Cobalt, 

Pi-ecipitate,  decant,  filter  and  wash  exactly  as  directed  for  sulphide  of 
inangane.se  (§  109,  1,  c),  dry,  and  redissolveas  directed  §  110,  6,  a  (Sul- 
phide of  nickel.) 

The  solution  obtained  contains  invariably  sulphuric  acid ;  the  amount 
of  the  cobalt  is  determiued  according  to  3,  a,  taking  care  to  eva])orate  the 
fluid,  which  contains  nitrohydrochloiic  acid,  in  a  porcelain  dish,  with 
addition  of  sulphniic  acid,  to  dryness,  before  transferring  tlie  residue,  with 
a  little  water,  to  the  platinum  dish.     The  results  are  accurate. 

For  the  properties  of  the  sulphide  of  cobalt  see  §  80.  The  sulphide 
of  cobalt  cannot  be  brought  into  a  weighable  form  by  ignition  in  hydrogen, 
as  the  residue  is  a  variable  mixture  of  diiferent  sulphides  (H.  Rose). 

4.  Determination  as  N^itrite  of  Cobalt  and  Potassa  (used  principally 
in  cases  of  separation). 

Mix  the  cobalt  solution,  which  must  not  be  too  dilute  (at  the  most, 
300  parts  of  water  to  1  of  protoxide  of  cobalt),  with  a  couceatrated  solu- 
tion of  nitrite  of  potassa ;  add  acetic  acid  in  quantity,  a  little  more  than 
sufficient  to  redissolve  the  precipitate,  which  is  at  first  produced  in  the 
solution  by  the  free  potassa  and  carbonate  of  potassa  contained  in  the 
nitrite.  Cover  the  beaker  with  a  clock-glass,  and  let  it  stand  12  to  24 
Hours  in  a  warm  place.  Collect  the  yellow  precipitate  on  a  weighed  filter, 
wash  thoroughly  with  an  aqueous  solution  of  neutral  acetate  of  potassa 
(containing  10  per  cent,  of  the  salt),  to  which  some  nitrite  of  potassa  is 
added,  displace,  finally,  the  last  portion  of  solution  of  acetate  of  potassa 
still  adhering  to  the  precipitate,  by  means  of  spirit  of  lyine  of  80  per 
cent.,  dry,  ignite,  incinerate  the  filter,  moisten  the  whole  with  sulphuric 
acid,  drive  off  the  excess  of  the  latter  (see  §  97,  1),  and  weigh  the 
residue  which  consists  of  2  (Co  O,  S  O3)  +  3  (K  O,  S  O3).  Gibbs  and 
Gekth  f  have  obtained  good  results  by  this  method. 

100  parts  of  the  residue  are  equivalent  to  18*014  parts  of  Co  O. 

[Or  dissolve  the  nitrite  of  cobalt  and  potassa  in  hydrochloric  acid, 
precipitate  by  potassa,  reduce  the  washed  precipitate  by  hydrogen,  and 
"weigh  the  washed  metal.  (H.  Kobe.)] 

[To  weigh  the  piecipitate  dried  at  100°  is  not'  recommended,  since 
Ebomakn  hafi  shown  that  its  content  of  water  and  nitrogen  is  vaiiable 
See  §  80.] 

*  The  operation  must,  at  all  events,  be  flnished  in  a  platinani  vessel, 
t  AnnaL  d.  Chem.  a.  Pharm.  104,  809. 


192  DSTERXINATIOir.  [§  IIH 

§112. 
5.  Protoxide  of  Iron. 

a.  SoitUion, 

Many  of  the  compounis  of  protoxide  of  iron  are  soluble  in  water 
The  compounds  insoluble  in  water  dissolve  almost  without  exception  in 
hydrochloric  acid,  in  which  the  pure  protoxide  also  is  sohible ;  the  solu- 
tions, if  not  prepared  with  perfect  exclusion  of  air,  and  wiih  sulveutH 
absolutely  free  from  air,  contain  invariably  moi'e  or  less  sesquichioiide. 
In  cases  where  it  is  wished  to  avoid  the  chance  of  oxidation,  the  solution 
of  the  compound  of  ]n*otoxide  of  iron  is  etlected  in  a  small  flask,  through 
which  a  slow  current  of  carbonic  acid  gas  is  passed,  the  transmission  of  the 
gas  being  continued  until  the  solution  is  cold.  Many  native  proto-coni- 
poiinds  of  iron  cannot  bs  thus  dissolved.  They  are,  indeed,  rendered 
soluble  by  fusing  with  carbonate  of  soda,  but  in  this  process  the  protox- 
ide of  iron  is  converted  into  sesquioxide  it  is  therefore  advisable  to 
heat  such  substances  (in  the  finest  powder)  with  a  mixture  of  3  })arts 
concentrated  sulphuric  acid  and  1  ]>art  water  in  a  strong  sealed  tube  of 
Bohemian  glass  for  2  hours  at  about  210^,  or — in  the  case  of  silicates — 
to  warm  them  with  a  mixture  of  2  parts  hydrochloric  acid  and  1  part 
strong  hydrofluoric  acid  in  a  covered  platinum  dish  (A.  Mitsljiierlich  *. 
See  also  Cookers  method  of  solution,  p.  — ).  Metallic  ii*on  dissolves  in 
hydrochloric  acid,  and  in  dilute  sulphuric  acid,  with  evolution  of  hydro- 
gen, as  protochloride  or  sulphate  of  protoxide  respectively ;  in  warm  ni- 
tric acid  it  dissolves  as  nitrate  of  sesquioxide,  and  in  nitro-hydrochloric 
acid  as  sesquichloride. 

6.  Determination. 

Protoxide  of  iron  may  be  estimated  1,  by  dissolving,  converting  intc 
sesquioxide  and  determining  the  latter  gravimetrically  or  volumetrically ; 
2,  by  precipitating  as  sulphide,  and  weighing  it  as  such,  or  determining 
it  after  convei-sion  into  sesquioxide  ;  3,  by  a  direct  volumetric  method ; 
4,  by  treating  with  terchloiide  of  gold,  and  weighing  the  reduced  gold. 

The  methods  1  and  2  are,  of  course,  only  ajiplicable  when  no  sesqui- 
oxide is  present  with  the  protoxide ;  the  method  2  is  scarcely  ever  used 
except  for  separations.  The  methods  included  luider  3  ai*e  adapted  to 
most  cases  and,  in  absence  of  other  I'educing  siibstances,  are  espe- 
cially worthy  of  recommendation.  The  method  4  will  be  briefly  ti*eated 
of  in  the  supplement  to  §§  112  and  113. 

As  the  determination  of  iron  as  sesquioxide  belongs  to  §  113,  and  as 
the  process  for  precipitating  the  protoxide  as  sulphide  is  the  same  as 
that  for  pi'ecij)itating  the  sesquioxide  in  this  form,  nothing  remains  for 
us  here  but  to  describe  the  methods  of  converting  the  protoxide  into  the 
sesquioxide  and  the  processes  included  under  3. 

1.  Meiliods  of  converting  Protoxide  of  Iron  into  Sesquioxiile, 

a.  Methods^  applicable  in  all  cases. 

Heat  the  solution  of  protoxide  of  iron  to  be  oxidized  with  hydrnr 
chloric  acid  and  a<ld  small  {)ortions  of  chlorate  of  ])otassa,  till  the  flui«l, 
even  after  warming  for  some  time,  still  smells  strongly  of  chlorine.  Our 
object  may  be  als  >  attained  by  passing  chlorine  gas  or — in  the  casp  of 

»  Journ.  f.  prakt.  Chem.  81,  116. 
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small  quantities — by  addition  of  chlorine  water.  If  the  solution  is  re- 
t^uired  to  be  free  from  excess  of  chlorine,  it  is  finally  heated,  till  all  odor 
of  that  gas  has  disappeared. 

b.  Methods  which  are  emit/  suitable  when  the  iron  is  to  be  subsequerUly 
precipitated  by  ammonia,  as  hydrated  sesquioxide. 

Mix  the  solution  of  the  protoxide  of  iron  in  a  flask  with  a  little 
hydrochloric  acid,  if  it  does  not  already  contain  any ;  add  some  nitric 
acid,  and  beat  the  mixture  for  some  time  to  incipient  ebullition.  The 
color  of  the  fluid  will  show  whether  the  nitric  acid  has  been  added  in 
sufiicient  quantity.  Though  an  excess  of  nitric  acid  does  no  harm,  still 
it  is  better  to  avoid  adding  too  much  on  account  of  the  subsequent  pre- 
cipitation. In  concentrated  solutions,  the  addition  of  nitric  acid  pro- 
duces a  dark-brown  color,  which  disappears  upon  heating.  This  color  is 
owing  to  the  nitric  oxide  formed  dissolving  in  the  still  unoxidized  por- 
tion of  the  solution  of  the  protoxide. 

c.  Methods  which  can  be  employed  ordy  wJien  the  sesquioxide  of  iron 
is  to  be  determined  volumetrically. 

Add  to  the  hydrochloric  solution  small  quantities  of  artificially  pre- 
pared iron-free  binoxide  of  manganese,  till  the  solution  is  of  a  dark 
olive  green  color  from  the  formation  of  sesquichloride  of  manganese; 
boil  till  this  coloration  and  the  odor  of  chlorine  have  disappeared  (Fr. 
3£ohr)  ;  or  you  may  add  pure  permanganate  of  potassa  (in  crystals  or 
concentrated  solution)  till  the  fluid  is  just  red  and  then  boil,  till  the  red 
color  and  chlorine-odor  have  vanished.  These  methods  present  the  ad- 
vantage of  permitting  complete  oxidation  without  the  use  of  any  consid- 
erable excess  of  the  oxidizing  agent. 

2.  Estim/ition  by  Volumetric  Arialysis. 

a.  Marguerite's  Method. 

This  method  is  based  upon  the  following  principle : — 
If  we  add  to  a  solution  of  protoxide  of  iron,  containing  an  excess  of 
sulphuric  acid,  permanganate  of  potassa,  the  former  is  oxidized  at  the 
expense  of  the  latter  [10  (Fe  O,  SO3)  -f  8  S  O,  -f  K  O,  MnA  ="-  5  (Fe, 
0„  3  S  O3)  -h  K  O,  S  O3  -f  2  (Mn  6,  S  O3)].  Now  if  we  possess  a  solu- 
tion of  permanganate  of  potassa,  and  know  how  much  iron  100  c.  c.  of 
it  can  convert  from  the  condition  of  protoxide  to  that  of  sesquioxide, 
'we  can,  with  this,  readily  determine  an  unknown  quantity  of  iron ;  we 
have  simply,  for  this  purpose,  to  dissolve  the  iron  in  acid,  in  the  form 
of  protoxide,  to  oxidize  the  solution  accurately,  and  note  how  many  c. 
c.  of  the  solution  of  permanganate  of  potassa  htive  been  used  to  accom- 
plish that  object. 

a.  Determination  of  the  Strength  of  the  Solution  of  Permanganate 
of  Potassa. 

The  process  of  preparing  a  solution  of  permanganate  of  potassa  having 
been  described  already  in  §  65,  3,  I  will  at  once  proceed  to  give  the  sev- 
eral methods  employed  to  determine  the  strength  of  the  solution. 

Either  of  the  three  subjoined  methods  may  be  selected  for  the  pur- 
pose ;  or,  the  strength  having  been  determined  by  one  method,  it 
luay,  by  way  of  control,  be  determined  once  more  by  one  of  the  other 
methods. 

Solution  of  permanganate  of  potassa  prepared  from  the  pure  crystal- 
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lized  salt,  does  not  alter,  if  carefully  kept ;  on  the  contraiy,  if  it  contaim 
free  potassa  or  manganate  of  potassa,  it  suffers  gi'adual  decomposition, 
and  each  analysis,  made  after  an  interval  of  even  only  a  day,  must  be 
preceded  by  a  fresh  determination  of  its  strength. 

aa.  Determination  of  the  Strength  by  means  of  Metallic  Iron. 

Weigh  off  accurately  about  0*2  grm.  of  thin,  clean  iron  wire  (piano- 
forte wire)  ;  introduce  this  into  a  small  long-necked  flask,  add  about  20 
c.  c.  of  dilute  sulphuric  acid,  and  the  same  quantity  of  water,  secure  the 
flask  in  an  oblique  position,  by  means  of  a  retort-holder;  transmit 
through  it  a  slow  current  of  carbonic  acid,  and  then  heat  the  fluid  to 
gentle  ebullition. 

Fig.  48  shows  the  arrangement  of  the  apparatus.  When  the  iron  has 
dissolved,  allow  to  cool,  keeping  up  the  current  of  carbonic  acid,  then 


Fig.  48. 


fill  the  flask  two-thirds  with  distilled  water ;  smear  the  rim  with  a  little 
tallow,  pour  the  contents  cautiously  into  a  beaker  of  about  400  c.  c. 
capacity,  and  transfer  the  last  particles  from  the  flask  to  the  beaker  by 
repeated  rinsing  with  cold  water.  The  total  quantity  of  fluid  should  be 
about  200  c,  c.  Place  the  beaker  on  a  sheet  of  white  paper,  or  better, 
on  a  sheet  of  glass,  with  white  paper  underneath. 

Fill  a  CtAY-Lussac's  or  Geissler's  burette  of  30  c.  c.  capacity,  divided 
into  -^^  c.  c.  (see  §§  22,  23,  figs.  13  and  14),  up  to  zero,  with  solution  of 
permanganate  of  i>otassa,  of  which  take  care  to  have  ready  a  suflScient 
quantity,  perfectly  clear  and  uniformly  mixed. 

Now  add  the  permanganate  to  the  iron  solution,  stirring  the  latter  all 
the  while  with  a  glass  rod.  At  first  the  red  drops  disappear  very  rapid- 
ly, then  more  slowly.  The  fluid,  which  at  first  was  nearly  colorless, 
gradually  acquires  a  yellowish  tint.  From  the  instant  the  red  drops  be- 
gin to  disappear  more  slowly,  add  the  permanganate  with  more  caution 
and  in  single  drops,  until  the  last  drop  imparts  to  the  fluid  a  faint,  but 
unmistakable  reddish  color,  which  remains  on  stirring.  A  little  pra!ctioe 
will  enable  you  readily  to  hit  the  right  point.  As  soon  as  the  fluid  in 
the  burette  has  suiEciently  collected  again,  read  off,  and  mark  the  nam- 
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ber  of  c.  c.  used.  The  reading  off  must  be  performed  with  the  greatest 
exactness  (see  8  22) ;  the  whole  error  should  not  amount  to  r^  c.  c. 

If  0*2  grm.  iron  have  taken  from  20  to  30  c.  c.  of  permanganate,  the 
latter  may  be  considered  to  be  of  the  proper  degree  of  concentration  for 
most  determinations  of  iron.  If  much  less  has  been  used  in  the  process, 
the  solution  is  too  concentrated.  In  that  case  add  to  the  entire  quantit^f 
a  sufficient  amount  of  water  to  give  it  approximately  the  riglit  degree 
of  concenti<ation ;  then  repeat  the  above  experiment  with  a  fresh  amount 
of  ii-on.  If,  on  the  other  hand,  considerably  more  than  30  c.  c.  of  perman- 
ganate have  been  used  for  0*2  grm.  iron,  the  solution  is  not  exactly  unfit 
for  use,  but  working  with  it  becomes  the  more  tedious  and  inconvenient 
the  more  its  degree  of  concentration  diffei-s  from  that  given  above. 

When  you  have  completed  the  experiment  with  a  solution  of  approxi- 
mately proper  concentration,  calculate,  by  a  simple  proportion,  how  much 
iron  100  c  c.  of  the  solution  will  convert  from  the  state  of  protoxide  to 
that  of  sesquioxide.  Supposing,  for  instance,  you  have  used  to  0*210 
grm.  iron,  23*5  c.  c.  of  the  permanganate,  then  we  say 

23-5  :  ipO::0-210  :  x  aj=0*8936  (grm.  iron). 

As  the  accuracy  of  all  estimations  made  with  the  solution  of  perman- 
ganate of  potassa  depends  upon  the  correct  determination  of  the  strength, 
it  is  always  advisable  to  repeat  the  experiment. 

As  even  the  purest  iron  wire  is  not  chemically  pure,  but  contains  a 
little  carbon,  it  is  well,  in  analyses  requiring  the  very  highest  degree  of 
accuracy,  to  reduce  the  weight  of  the  iron  wire  used  in  the  process,  by 
multiplication  with  0*997,  to  the  corresponding  weight  of  chemically  pure 
iron.  This  i-eduction  is  based  upon  the  generally  correct  supposition 
that  the  wire  contains  0*3  per  cent,  of  extraneous  matter. 

If,  in  the  two  experiments  made  for  the  purpose  of  determining  the 
strength  of  the  solution  of  permanganate  of  potassa,  the  quantities  of  iron 
respectively  coiTesponding  to  100  c.  c.  of  solution,  differ  only  about  1,  2, 
or  3  mgrm.  (per  grm.),  the  results  may  be  considered  perfectly  satisfac- 
tory. But  if  the  difference  is  considerably  greater,  a  third  experiment 
must  be  made. 

If  there  is  a  deficiency  of  free  acid  in  the  solution  of  iron,  the  fluid 
acquires  a  brown  color,  turns  turbid,  and  deposits  a  brown  precipitate 
(binoxide  of  manganese  and  sesquioxide  of  iron).  The  same  may  happen 
also  if  the  solution  of  permanganate  of  potassa  is  added  too  quickly,  or 
if  the  proper  stiiring  of  the  iron  solution  is  omitted  or  interrupted. 
Experiments  attended  with  abnormal  manifestations  of  the  kind  should 
always  be  rejected.  That  the  fluid  reddened  by  the  last  drop  of  solution 
of  permanganate  of  potassa  added,  loses  its  color  again  after  a  time,  need 
create  no  surprise  or  uneasiness ;  this  decolorization  is,  in  fact,  quite 
inevitable,  as  a  dilute  solution  of  free  permanganic  acid  cannot  keep  long 
undecomposed. 

bb.  Detemiination  of  the  Strengtli  hy  means  of  Srdpluite  of  Protoxide 
of  Iron  and  Ammonia, 

Weigh  off,  with  the  greatest  accuracy,  about  1*4  grm.  of  the  pum 
salt  prepared  according  to  the  directions  given  in  §  65,  4,  after  powder- 
ing the  crystals,  and  pressing  between  sheets  of  smooth  blotting-paper. 
Dissolve  in  about  200  c.  c.  distilled  water,  add  about  20  c.  c.  dilute 
talphiiric  acid,  and  proceed  as  in  oa. 

As  sulphate  of  protoxide  of  iron  and  ammonia  contains  exactly  \  of 
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its  weight  of  iron,  the  calculation  required  to  show  the  yalue  of  100  c.  c. 
of  permanganate  is  very  simple.  Supposing,  for  instance,  25  c.  c.  of  per- 
manganate to  have  been  consumed  to  1*400  grm.  of  the  iron  salt,  then, 

we  have  1*4     ^  ^ 

■=-=0-2 

7 

and  25  :  100  : :  0*2. :  x ;  {»=0-8 

If  the  sulphate  of  protoxide  of  iron  and  ammonia  used  is  not  pure,  if, 
for  instance,  it  contains  bases  isomorphous  with  protoxide  of  iron  (pro- 
toxide of  manganese,  magnesia,  <S^.) ;  or  if  it  contains  sesquioxide,  or  ia 
used  in  a  moist  condition,  the  result  will  of  course  be  too  high. 

CO,  Determination  of  tJie  Strength  hy  means  of  Oxalic  Acid, 

This  method  is  based  upon  tlie  following  principle : — 

If  solution  of  permanganate  of  potassa  is  added  to  a  warm  solution  of 
oxalic  acid,  mixed  with  sulphuric  acid,  the  liberated  permanganic  acid 
instantly  oxidizes  the  oxalic  acid  to  carbonic  acid  [5  Cj  O3  -j-  3  S  O3-I- 
K  O,  Mn„  O7  =  10  C  O,  -f  2  (Mn  O,  S  O,)  +  K  O,  S  O,].  For  the  oxida- 
tion  of  1  e([.  oxalic  acid  (G,  Q.,)  and  2  eq.  iron  (in  the  state  of  protoxide) 
equal  quantities  of  permanganic  acid  are  accordingly  required ;  there- 
fore, G3  parts  (1  eq.)  of  ci^stallized  oxalic  acid  correspond,  in  reference  tc 
the  oxidizing  action  of  permanganic  acid,  to  56  parts  (2  eq.)  of  iron. 

By  dissolving  6*3  grm.  pure  crystallized  oxalic  acid  (§  G5,  1),  or  4*5 
grm.  of  the  pure  hydrate,  dried  at  100°,  in  water,  to  1  litre  of  fluid,  a  deci- 
normal  solution  of  oxalic  acid  is  obtained,  which  is  exactly  suited  to  our 
present  purpose.  50  c.  c.  of  this  solution,  which  correspond  to  0*315 
grm.  crystallized  oxalic  acid,  or  0*28  gims.  iron,  are  introduced  into  a 
beaker,  diluted  with  about  100  c.  c.  of  water,  from  6  to  8  c.  c.  of  cone, 
sulphuric  acid  added,  and  the  fluid  heated  to  about  00°.  The  beaker  is 
then  placed  on  a  sheet  of  white  paper,  and  permanganate  added  from  the 
burette,  with  stirring.  Tlie  red  drops  do  not  disappear  at  first  very 
i'a[>idly,  but  when  once  the  reaction  has  fairly  set  in,  they  continue  for 
some  time  to  vanish  instantaneously.  As  soon  as  the  red  drops  begin 
to  disappear  more  slowly,  the  solution  of  permanganate  of  jK)tassa  must 
be  added  with  great  caution  ;  if  pro[)er  care  is  taken  in  this  respect,  it  is 
easy  to  complete  the  reaction  ^vith  a  single  drop  of  permanganut.e  ;  this 
completion  of  the  reaction  is  indicated  with  beatitiful  distinctness  in  the 
colorless  fluid.     The  number  of  c.  c.  used  corresponds  to  0*28  grm.  iron. 

If  the  oxalic  acid  was  not  perfectly  diy,  or  not  quite  pure,  the  i-esult  of 
the  experiment  will,  of  course,  lead  to  fixing  the  strength  of  the  solution  of 
permanganate  of  potassa  too  high.  Instead  of  pure  oxalic  acid,  Saint-Gilles 
has  proposed  to  use  crystallized  oxalate  of  ammonia  (N  H4  O,  Gj  O3  -|-  aq.). 
niis  can  easily  be  prepared  in  the  pure  state,  keeps  well,  and  can  be 
weighed  witli  accuracy.  It  is  not  however  advisable  to  keep  a  standard 
solution  of  this  salt  in  store,  as  it  is  liable  to  spoil.  71  pai-ts  of  tho 
crystallized  salt  correspond  to  56  parts  iron. 


Of  the  foregoing  three  methods  of  standardizing  solution  of  permanga- 
nate of  potassa,  the  first  is  the  one  originally  proposed  by  Margue&itb. 
Sulphate  of  protoxide  of  iron  and  ammonia  was  first  proposed  by  Fr,  Mohr, 
and  oxalic  acid  by  Hempel,  as  agents  suitable  for  tne  pm-pose.     With 
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c&bsolutely  pure  and  thoroughly  dry  reagents,  and  proper  attention,  all 
three  methods  give  correct  results. 

For  myself,  I  prefer  the  first  method,  as  the  most  direct  and  positive; 
the  only  doubtful  point  about  it  being  the  question  whether  the  assump- 
tion that  the  iron  wire  contains  99'7  per  cent,  of  chemically  pure  iron  in 
quite  correct ;  this,  however,  is  of  very  trifling  importance,  as  the  error 
could  not  exceed  ^ot^  per  cent.  But  the  other  two  methods  are,  as  may 
readily  be  seen,  somewhat  more  convenient,  since  in  one  of  them  the 
trouble  is  saved  of  preparing  the  solution  of  ii*on,  and  in  the  other  there 
is,  moreover,  no  need  of  weighing.  These  advantages,  however,  which 
^were  considerable  when  the  impure  permanganate  solution  that  was  used 
required  fresh  standardizing  every  day,  have  now  lost  their  value,  as  the 
pure  solution,  now  generally  employed,  keeps  unaltei-ed. 

For  the  analysis  of  very  dilute  solutions  of  iron,  e.g.j  chalybeate  water, 
in  which  the  amount  of  iron  may  be  very  approximately  determined  with 
great  expedition,  by  direct  oxidization  with  permanganate,  a  very  dilute 
standard  solution  must  be  pi-epared ;  of  which  100  c.  c.  con-espond  to  say 
0*1  grm.  iron.  Such  a  solution  should  be  directly  standardized  "with  corre- 
spondingly small  quantities  of  iron,  or  the  iron-double-salt,  and  boiled 
water  should  be  used. 

In  experiments  of  this  kind,  the  fact  that  a  certain  quantity  of  perman- 
ganate is  required  to  impart  a  distinct  color  to  pure  acidified  waticr  (which 
is  of  no  consequence  in  operations  where  the  concenti-ated  solution  is  used) 
must  be  taken  into  consideration ;  for  where  the  solution  used  is  so  highly 
dilute,  it  takes  indeed  a  measurable  quantity  of  it  to  impart  the  desired 
reddish  tint  to  the  amount  of  water  employed.  In  such  cases,  the  volume 
of  the  solution  of  iron  used  for  standardizing  the  permanganate  and  the 
volume  of  the  weak  ferruginous  solution  subjected  to  analysis  should  be 
the  same,  and  either  the  two  solutions  should  contain  about  the  same  quan- 
tity of  iron,  or,  by  means  of  a  special  experiment,  it  is  ascertained  how 
many  -^  c.  c.  of  the  permanganate  are  required  to  impart  the  desired  pale 
red  color  to  the  same  volume  of  acidified  water.  In  the  latter  case,  these 
-^  c.  c.  will  be  deducted  from  the  amount  of  permanganate  used  in  the 
regular  experiments. 

/I.  I^erformance  of  the  Analytical  Process, 

This  has  been  fully  indicated  in  a.  The  compound  to  be  examined  is 
dissolved,  preferably  with  application  of  a  current  of  carbonic  acid  (see 
fig.  48,  p.  194),  in  water,  or  dilute  sulphuiic  acid,  allowed  to  cool  in  the 
eurrent  of  carbonic  acid,  and  suitably  diluted  (if  practicable,  the  solution 
of  a  substance  containing  about  0*2  grm.  iron  should  be  diluted  to  about 
200  c.  c.) ;  if  free  acid  \r  not  yet  present  in  sufficient  quantity,  about 
20  c.  c.  of  dilute  sulphuric  acid  are  added,  and  then  standard  perman- 
ganate from  the  burette,  to  incipient  reddening  of  the  fluid.  The  volume 
of  standard  solution  used  is  then  read  off.  The  strength  of  the  solution 
of  permanganate  being  known,  the  quantity  of  iron  present  in  the  examined 
fluid  is  found  by  a  very  simple  calculation.  Suppose  100  c.  c.  cif  solution 
of  permanganate  of  potassa  to  correspond  to  0'98  grm.  iron,  and  25  c.  c. 
of  the  solution  to  have  been  used  to  effect  the  oxidation  of  the  protoxide 
of  iron  in  the  examined  compound ;  then 

100  :  25  : :  0*98  :  x;  a;=0*245. 

The  quantity  of  iron  originally  present  in  the  form  of  protoxide 
Bmounted  accordingly  to  0*245  grm. 
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Eor  the  method  of  determining  the  total  amount  of  ii'on  present  in  a 
solution  containing  both  protoxide  and  Besquioxide  of  that  metal,  I  refer 
to  §  113;  for  that  of  determining  the  amount  of  each  separately,  to 
Section  V. 

Note  on  the  Determination  op  Iron  in  Hydrochloric  Acid 
Solution  by  the  foregoing  Method. 

The  foregoing  process  was  long  considered  to  be  the  most  convenient 
and  best  for  the  estimation  of  iron.  Lowenthal  and  Lenssen'*'  liave 
shown  that  in  solutions  containing  hydrochloric  adJy  it  is  essential  that 
the  standardizing  of  the  i*eagent  and  the  actual  analysis  be  performed 
under  the  same  circumstances  as  regards  dilution,  amount  of  acid,  and 
temperature.  Besides  the  proper  reaction  10  Fe  O-hMiLjO^^S  Fe^O, 
+2  Mn  O,  the  collatei-al  reaction  7  H  Cl-f  Mn^  0:  =  5  CH-2  Mn  Cl4- 
7  H  O  also  takes  place,  in  consequence  of  which  a  little  chloriue  is  libe- 
rated. This  chlorine  does  not  oxidize  the  protoxide  of  iron  in  the  case 
of  considerable  dilution,  but  there  occurs  a  condition  of  equilibrium  in 
the  fluid  containing  protoxide  of  ii*on,  chlorine,  and  hydrochloric  acid, 
which  is  destroyed  by  addition  of  a  further  quantity  of  either  body 
(Lowenthal  and  Lenssen,  loc,  dt.).  But  since  it  is  difficult  to  preserve 
the  above  condition  of  obtaining  coiTect  results,  the  following  proceed- 
ing is  adopted,  in  presence  of  cJdorine. 

Standardize  the  permanganate  by  means  of  iron  dissolved  in  dilute 
sulphuric  acid,  make  the  iron  solution  to  be  tested  up  to  ^  litre,  add  50 
c.  c.  to  a  large  quantity  of  water  acidified  with  sulphuric  acid,  add  j>er- 
manganate  from  burette,  then  again  50  c.  c.  of  the  iron  solution,  perman- 
ganate again,  &c.,  &c.  The  numbers  obtained  at  the  third  and  fourth 
time  are  taken.  These  are  constant,  while  that  obtained  the  Rvst  time, 
and  sometimes  also  the  second  time,  ditfers.  The  result  multiplied  by  5 
gives  exactly  the  quantity  of  permanganate  proportional  to  the  amount 
of  protoxide  of  iron  present. 

I  believe  that  the  reason  why  the  attention  of  analysts  was  not  pre* 
viously  directed  to  the  important  influence  of  hydrochloric  acid  in  this 
process,  lay  in  the  fact  that  it  was  not  customary  to  crystallize  the  per- 
manganate before  employing  it — the  crude  solution,  which  contains  much 
chloride  of  potassium,  being  used.  The  experiments  were  consequently 
performed  in  the  presence  of  free  hydrochloric  acid,  even  when  sulphuric 
acid  alone  was  employed  for  dissolving  or  acidifying.  Hence  the  differ- 
ences between  the  results  with  sulphuric  and  hydrochloric  acid  solutions 
were  not  so  large  as  they  are  now,  when  we  work  with  the  pure  perman- 
ganate. 

b.  Penny's  Method  (recommended  subsequently  by  Schabus). 

K  bichromate  of  potaasa  is  added  to  a  strongly  acid  solution  o/pi-ot- 
oxide  of  iron,  the  latter  is  converted  into  sesquioxide,  whilst  the  chromic 
acid  is  reduced  to  sesquioxide  of  chromium  (6  Fe  0-f  2  Cr  03=3  Fe^  0,-i- 
Cr.O,). 

Now,  with  0*1  eq.  bichromate  of  potassa=  14*759  grro.  dissolved  to 
1  litre  of  fluid,  0*6  eq.=  16*8  grm.  iron  may  be  converted  from  the  state 
of  protoxide  to  that  of  sesquioxide,  and  50  c.  c.  of  the  above  solutioa 
coiTespond  accordingly  to  0*84  grm.  iron. 

*  Zeitschrift  f.  analyt.  Chem.  1,  829.     See  also  361. 
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Oare  must  be  taken  to  use  perfectly  pure  bichromate  of  ^otas&Ji ;  the 
salt  is  heated  in  a  porcelain  crucible  until  it  is  just  fused;  it  is  thee 
allowed  to  cool  under  the  desiccator,  and  the  required  quantity  weighed 
off  when  cold.  Besides  the  aboye  solution,  another  should  also  be  pre* 
pared,  ten  times  more  dilute,  and  containing  accordingly  O'Ol  eq.  of 
bichromate  of  potassa  in  the  litre. 

It  is  always  advisable  to  test  the  correctness  of  the  standard  solution 
of  bichromate  of  potassa,  by  oxidizing  's^ith  it  a  known  amount  of  pure 
iron  dissolved  to  protoxide  (see  p.  194,  aa). 

The  analytical  process  is  performed  as  follows : — 

The  solution  of  protoxide  of  iron  is  sufficiently  diluted,  mixed  with  a 
sufficient  quantity  of  hydrochloric  or  dilute  sulphuiic  acid,  and  the 
standard  solution  of  bichromate  of  potassa  slowly  added  from  the  burette, 
the  liquid  being  stirred  all  the  while  with  a  thin  glass  rod.  The  fluid, 
which  is  at  first  nearly  colorless,  speedily  acquires  a  pale  green  tint, 
which  changes  gradually  to  a  dai*ker  chrome-green.  A  very  small  drop 
of  the  mixture  is  now  from  timp,  to  time  taken  out  by  means  of  the 
stirring-rod,  and  brought  into  contact  with  a  drop  of  a  solution  of  ferri- 
cyanide  of  potassium  on  a  porcelain  plate,  which  ha£  been  spotted  with 
several  of  such  drops.  When  the  blue  color  thereby  produced  begins  to 
lose  the  intensity  which  it  exhibited  on  the  first  trials,  and  to  assume  a 
paler  tint,  the  addition  of  the  solution  of  bichromate  of  potassa  must  be 
more  carefully  regulated  than  at  first,  and  towards  the  end  of  the  pro- 
cess a  fresh  essay  must  be  made,  and  with  larger  drops  than  at  first, 
after  each  new  addition  of  two  drops,  and  finally,  even  of  a  single  drop ; 
drops  must  also  be  left  for  some  time  in  contact  before  the  observation 
is  taken.  When  no  further  blue  coloration  ensues,  the  oxidation  is  ter- 
minated. From  the  remarkable  sensitiveness  of  the  reaction,  the  exact 
point  may  be  easily  hit  to  a  drop.  To  heighten  the  accuracy  of  the  re- 
sults, the  dilute  (ten  times  we^er)  standard  fluid  should,  just  at  the 
end  of  the  process,  be  substituted  for  the  concentrated  solution  of  bichro- 
mate of  potassa. 

If  exactly  0*84  grm.  of  the  substance  to  be  analyzed  have  been  dis- 
solved, the  numbers  of  half  c.  c.  used  of  the  two  standard  fluids  show 
how  many  per  cents,  and  tenths  per  cent,  respectively  of  pure  iron  the 
analyzed  substance  contains  in  the  form  of  protoxide.  For  the  manner 
of  proceeding  in  presence  of  sesquioxide  of  iron,  I  refer  to  §  113.  If 
there  is  a  deficiency  of  free  acid  in  the  solution,  brown  chromate  of  ses- 
quioxide of  chromium  may  form,  upon  which  the  solution  of  protoxide 
of  iron  exercises  no  longer  a  deoxidizing  action. 

§  113. 
6.  Sesquioxide  of  Ikok. 

a.  Solution, 

Many  of  the  compounds  of  sesquioxide  of  iron  are  soluble  in  wate: . 
Pure  sesqtdoxide  of  iron  and  most  of  those  of  its  compounds  which  aie 
insoluble  in  water,  dissolve  in  hydrochloric  acid,  but  many  of  them  only 
slowly  and  with  dif&culty ;  compounds  of  this  nature  are  best  dissolvi.^ 
in  concentrated  hydrochloric  acid,  in  a  flask,  with  the  aid  of  heat ;  which, 
ftowever,  should  not  be  allowed  to  reach  the  boiling-point ;  the  compound 

xkstj  moreover,  be  finely  powdered,  and  even  then  it  will  often  take 
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many  hours  to  effect  complete  solution.  Iron  ores  insoluble  in  hydro* 
chloric  acid  are  treated  like  the  corresponding  compounds  of  protoxide 
of  iron  [best  by  fusion  with  carbonate  of  soda  |. 

h.  Determination. 

Sesquioxide  of  iron  is  usually  weighed  as  such,  but  sometimes  as  sul- 
phide (§81).  It  may,  however,  be  estimated  also  indirectly,  and  also  by 
volumetric  analysis,  both  directly  and  after  reduction  to  protoxide.  The 
conversion  of  compounds  of  iron  into  sesquioxide  is  effected  either  by 
precipitation  as  hydi-ated  sesquioxide,  preceded  in  some  cases  by  precipi- 
tation as  sulphide  of  iron,  or  as  succinate  or  basic  acetate  or  basic 
formiate  of  sesquioxide  of  iron ;  or  by  ignition.  While  the  volumetric 
and  the  now  seldom-used  indirect  methods  are  applicable  in  almost  all 
cases,  we  may  convert  into 

1.  Sesquioxide  of  Iron. 

a.  By  Precipitation  as  Hydrated  Sesquioxide, 

All  salts  soluble  in  wat^er  with  inorganic  or  volatile  organic  acids,  and 
likewise  those  which,  insoluble  in  water,  dissolve  in  hydi^ochloric  acid, 
with  separation  of  their  acid. 

h.  JBy  Precipitation  as  Sulphide  of  Iron. 
All  compounds  of  iron  without  exception. 

c.  Py  Precipitation  as  Succinate  of  Sesquioxide  of  Iron  /  and 

d.  By  Precipitation  as  Basic  Acetate  or  Formiate  of  Sesquu 

oxide  of  Iron. 

The  compounds  enumerated  sub  a. 

e.  By  Ignition. 

All  salts  of  sesquioxide  of  iron  with  volatile  oxygen  acids. 

2.  Sulphide  op  Iron. 

All  compounds  of  iron  without  exception. 

The  method  1,  e,  is  the  most  expeditious  and  accurate,  and  is  there- 
ffire  preferred  iu  all  cases  where  its  application  is  admissible.  The 
method  1,  a,  is  the  most  generally  used.  The  methods  1,  6,  and  2, 
serve  principally  to  effect  the  separation  of  the  sesfjui oxide  of  iron  from 
other  bases;  they  are  resorted  to  also  in  certain  instances  where  a  is  in- 
applicable, especially  in  cases  where  sugar  or  other  non- volatile  organic 
substances  are  present ;  and  also  to  estimate  the  sesquioxide  of  iron  in 
its  compounds  with  phosphoric  acid  and  boracic  acid.  The  methods  I, 
c  and  1 ,  d  are  used  exclusively  in  separations.  For  the  manner  of  de- 
termining the  sesquioxide  of  iron  in  the  chromate  and  silicate,  I  refer 
to  §§  130  and  140.  The  volumetric  methods  for  estimating  the  sesqui- 
oxide are  used  in  technical  experiments  almost  to  the  exclusion  of  all 
others,  and  are  very  frequently  employed  in  scientific  analyses. 

1.  Determination  as  Sesquioxide  of  Iron. 

a.  By  Precipitation  as  Hydrated  Sesquioxide. 
Mix  the  solution  in  a  dish  or  beaker  with  ammonia  in  exoen,  heat 
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nearly  to  boiling,  decant  repeatedly  on  to  a  filter,  wash  the  precijntate 
ixirefuUy  with  hot  water,  dry  thoroughly  (which  yery  greatly  reduces 
the  bulk  of  the  precipitate),  and  ignite  in  the  manner  directctd  in  §  53. 
For  the  properties  of  the  precipitate  and  residue,  see  §  81.  The 
method  is  fi^  from  sources  of  error.  The  precipitate,  under  all  circum- 
stances, even  if  there  are  no  fixed  bodies  to  be  washed  out,  must  be  most 
carefvUy  and  thoroughly  washed,  since,  should  it  retain  any  traces  of 
chloride  of  ammonium,  a  portion  of  the  iron  would  volatilize  in  the  form 
of  sesquichloride.  It  is  also  highly  advisable  to  dissolve  the  weighed 
residue,  or  a  portion  of  it,  in  strong  hydrochloric  acid,  to  see  whether  it 
is  quite  £ree  from  silicic  acid. 

h.  By  Precipitation  cu  Sulphide  of  Iron, 

The  solution,  in  a  not  too  large  flask,  is  mixed  with  ammonia,  till  all 
the  free  acid  is  neutralized.  (In  the  absence  of  organic,  non-volatile 
substances  this  leads  to  the  precipitation  of  a  little  hydrated  sesquioxide, 
■which,  however,  is  of  no  consequence.)  Add  chloride  of  ammonium,  if 
not  already  present  in  sufficient  quantity,  then  colorless*  or  yellowish  sul- 
phide of  ammonium  in  moderate  excess,  lastly  water,  till  the  fluid  reaches 
to  the  neck  of  the  flask.  Cork  it  up  and  stand  in  a  warm  place  till  the 
precipitate  has  subsided,  and  the  supernatant  fluid  has  a  clear  yellowish 
appearance  (without  a  tinge  of  green).  Wash  as  directed  in  the  case  of 
sulphide  of  manganese  (§  109, 1,  c).  Neglect  of  any  of  these  precautions 
■will  occasion  some  loss  of  substance,  the  sulphide  of  iron  gradually  com- 
bining with  the  oxygen  of  the  air,  and  passing  thus  into  the  filtrate  as 
protosulphate.  As  this  sulphate  is  reprecipitated  by  the  sulphide  of 
ammonium  present,  the  filtrate  assumes,  in  such  cases,  a  greenish  color, 
and  graduaUy  deposits  a  black  precipitate,  the  separation  of  which  is 
highly  promoted  by  addition  of  chloride  of  ammonium.  [See  remarks 
in  []  §  81,  5,  c.  p.  122.] 

When  the  operation  of  washing  is  completed,  the  moist  precipitate  (if 
it  is  not  dried  and  determined  according  to  2)  is  put,  together  with  the 
filter,  into  a  beaker,  some  water  added,  and  then  hydrochloric  acid,  until 
the  whole  is  redissolved.  Heat  is  now  applied,  until  the  solution  smells 
no  longer  of  sulphuretted  hydrogen ;  the  fluid  is  then  filtered  into  a 
fiask,  the  residu^  paper  carefully  washed,  and  the  filtrate  oxidized  by 
beating  with  nitric  acid  (see  §  112,  1);  the  oxidized  solution  is  finally 
precipitated  with  ammonia,  as  in  a. 

If  a  solution  of  potassio-,  sodio-,  or  ammonio-tartrate  of  sesquioxide  of 
iron  contains  a  considerable  excess  of  alkaline  carbonate,  the  precipitation 
of  the  iron  as  sulphide  is  prevented  to  a  greater  or  less  extent  (Blumenau). 
In  such  cases  the  fluid  must  therefore  be  nearly  neutralized  with  an  acid, 
before  the  precipitation  with  the  sulphide  of  ammonium  can  be  eflected. 

c.  13y  Precipitation  as  Succinate  of  Sesquioxide  of  Iron. 

The  solution,  in  a  flask,  is  mixed  with  very  dilute  ammonia,  drop  by 
drop,  until  a  small  portion  of  the  iron  precipitates  in  the  form  of  hydrated 
sesquioxide ;  a  gentle  heat  is  then  applied,  to  ascertain  whether  or  not 
tie  precipitate  Avill  redissolve.  If  it  redissolves,  the  addition  of  dilute 
ammonia  is  continued,  until  the  application  of  heat  fails  to  redissolve  the 
precipitate  formed.  If  it  remains  undissolved,  and  the  fluid  still  exhibits 
a  brownish  red  color,  all  the  preliminary  conditions  requisite  for  pre- 
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cipitation  with  saccinatt  3f  ammonia  are  fulfilled.  But  should  the  fluid 
appear  colorless,  this  is  a  sign  that  too  much  ammonia  has  been  added 
in  which  case  it  will  be  necessary  to  add  a  small  portion  of  hydrochloric 
acid,  and  then  again  some  ammonia,  until  the  desired  point  is  attained. 
To  the  fluid  thus  prepared  is  now  added  a  perfectly  neutral  solution  of 
succinate  of  ammonia,  as  long  as  a  precipitate  forms ;  a  gentle  heat  is 
then  applied,  and  the  fluid  allowed  to  cool ;  when  perfectly  cold  it  is 
filtered,  and  the  precipitate  washed,  first  with  cold  water,  fhially  with 
warm  ammonia — which  operation,  depriving  the  precipitate  in  a  very 
great  measure  of  its  acid,  imparts  a  darker  tint  to  it.  Tlie  washed  pre- 
cipitate is  dried  upon  the  filter  in  the  funnel,  and  then  converted  into 
sesquioxide  of  iron,  by  ignition  (§  53).  The  object  of  washing  the  pre- 
cipitate with  ammonia  is  to  remove  part  of  the  acid,  since,  were  the  pre> 
cipitate  simply  washed  with  water,  a  portion  of  the  sesquioxide  of  iron 
might  sufler  reduction  upon  the  subsequent  ignition  of  the  succinate.  If 
there  ia  reason  to  apprehend  that  this  has  actually  taken  plai^,  some 
nitric  acid  is  added  to  the  precipitate,  evaporated,  and  the  ignition  re- 
peated. For  the  properties  of  the  precipitate,  see  §  81.  The  results  are 
accurate.  - 

d.  By  Precipitation  as  JSasic  Acetate  of  Sesquioxide  of  Iron, 

Mix  the  solution  of  sesquioxide  of  iron  [containing  not  more  than 
1  grm.  of  oxide  to  ^  litre]  in  a  flask,  if  it  contains  much  free  acid,  with 
carbonate  of  soda  or  ammonia  until  the  acid  is  nearly  neutralized ;  then 
add  to  the  solution  which  is  still  clear,  but  already  of  a  deep  red  color, 
neutral  acetate  of  soda  or  of  ammonia,  and  a  few  drops  of  acetic  acid  in 
slight  excess ;  and  boil  till,  on  removing  the  lamp,  the  precipitate  settles 
clear.  Wash  repeatedly  by  boiling  and  decantation,  and  finally  on  the 
filter  with  boiling  water,  which  should  contain  a  little  acetate  of  ammo- 
nia; dry,  ignite  (§53),  and  weigh  the  sesquioxide  obtained.  It  is 
advisable  to  add  a  few  drops  of  nitric  acid  to  the  residue,  evaporate,  and 
ignite  again,  to  see  whether  the  weight  remains  constant.  The  residue 
must  show  no  alkaline  reaction  when  moistened  with  water.  The  results 
ai*e  accurate.  It  is  often  preferable  to  dissolve  the  precipitate  of  the 
basic  acetate  in  hydrochloric  acid,  and  to  precipitate  the  solution  accord 
ing  to  a  [see  also  Reichardt's  method],  §  81,  6.  The  formiates  of  soda 
and  ammonia  may  be  advantageously  substitiited  for  the  acetates  as  pre- 
cipitants  (§  81,/*). 

e,  Hy  Ignition, 

Expose  the  compoiind,  in  a  covered  crucible,  to  a  gentle  heat  at  first, 
and  gradually  to  the  highest  degree  of  intensity ;  continue  the  operation 
until  the  weight  of  the  residuary  sesquioxide  of  iron  remains  constant. 

2.  Determination  aa  Aniiydrous  Sulphide  of  Iron, 

The  hydrated  sulphide  of  iron  obtained,  as  in  1,  5,  may  be  very  con- 
veniently determined  by  conversion  into  the  anhydrous  sulphide.  The 
process  is  the  same  as  for  zinc  (§  108,  2).  The  heat  to  which  it  is  finally 
exposed  in  the  current  of  hydrogen  must  be  strong,  as  an  excess  of  sul- 
phur is  retained  with  some  obstinacy.  In  fact,  it  is  advisable  after 
weighing  to  re-ignite  in  hydrogen  and  weigh  a  second  time.  It  is  of  no 
im]>ortance  if  the  hydrated  sulphide  has  oxidized  on  drying. 

Protosulphate  and  sesquioxide  of  iron  can  be  transformed  into  sol* 
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pbide  in  the  same  manner,  after  having  been  dehydrated  by  ignition  in 
a  porcehiin  crucible  (H.  Rose  *). 

The  results  obtained  by  Oestek,  and  adduced  by  BosE,  as  well  as  those 
obtained  in  my  own  laboratory,  are  exceedingly  satisfactory.  (Expt. 
No,  75.) 

3.  Determination  by  Volumetric  Analysis, 

a.  Preceded  by  Meduction  of  the  JSesquioodde  to  Protoxide, 

The  volumetric  methods  which  come  under  this  head  are  based  upon- 
the  reduction  of  the  sesquioxide  to  protoxide,  and  the  estimation  of  the 
latter.  We  have,  accordingly,  to  occupy  ourselves  simply  with  the 
reduction  of  the  solution  of  the  sesquioxide,  the  other  part  of  the  pro- 
cess having  been  fully  discussed  in  §  112  (Protoxide  of  Iron).  The 
reduction  of  sesquioxide  of  iron  can  be  effected  by  many  substances 
(zinc,  protochloiide  of  tin,  sulphuretted  hydrogen,  sulphurous  acid,  &c.), 
but  only  those  can  be  used  with  advantage,  an  excess  of  which  may  be 
added  with  impunity.  If  an  excess  must  be  very  carefully  avoided,  or, 
being  added,  must  be  carefully  removed,  the  method  becomes  trouble- 
some, and  a  ready  source  of  inaccuracy  is  introduced.  On  these  grounds, 
although  its  action  is  somewhat  slow,  zinc,  unquestionably,  deserves  the 
pi^ference  before  all  other  reducing  agents. 

Heat  the  hydrochloric  or  sidphuric  acid  solution,  which  must  contain 
a  moderate  excess  of  acid,  but  be  free  from  nitric  acid,  in  a  small  long- 
necked  Hask,  placed  in  a  slanting  position ;  drop  in  small  pieces  of  iron- 
free  zinc  (§  60),  and  conduct  a  slow  current  of  carbonic  acid  through 
the  flask  (fig.  48,  p.  194).  Evolution  of  hydrogen  gas  begins  at  once, 
and  the  color  of  the  solution  becomes  paler  in  proportion  as  the  sesqui- 
oxide changes  to  protoxide.  Apply  a  moderate  heat,  to  promote  the 
action ;  and  add  also,  if  necessary,  a  little  more  zinc.  As  soon  as  the 
hot  solution  is  completely  decolorized  (one  cannot  judge  of  the  perfect 
deoxidation  of  a  cold  solution  so  well,  as  the  color  of  the  sesquichloride 
of  iron  is  deeper  in  the  heat),  allow  to  cool  completely  in  the  stream  of 
carbonic  acid ;  to  hasten  the  cooling  the  flask  may  be  immersed  in  cold 
water ;  then  dilute  the  contents  with  water,  pour  off'  and  wash  carefully 
into  a  beaker,  leaving  behind  any  undissolved  zinc,  and  also  (as  fai*  as 
possible)  any  flocks  of  lead  that  may  have  separated  from  the  zinc,  and 
proceed  as  Erected  in  §  112,  2.  If  the  solution  contains  metals  pi*ecipi- 
table  by  zinc,  these  will  separate,  and  may  render  filtration  necessary. 
In  this  case  the  filtrate  must  be  again  heated  with  zinc  before  using  the 
standard  solution.  If  iron-freo  zinc  cannot  be  procured,  the  percentage 
of  iron  in  the  metal  used  must  be  determined,  and  weighed  portions  of 
it  employed  in  the  process  of  reduction  ;  the  known  amount  of  iron  con- 
tained in  the  zinc  consumed  is  then  subtracted  from  the  total  amount  of 
iron  found. 

[6.   WiUiout  Previous  Red'oction  to  Protoxide.     Oudemans* 
Met}u>d.\ 

The  principle  consists  in  adding  a  reducing  agent  to  the  solution  till 
the  sesquioxide  is  entirely  converted  into  protoxide,  and  then  determin- 
ing the  amount  of  the  reducing  agent  used. 

•  Pogg.  AmyJ.  110,  126.  \  Fresenios'  ZeitBchrift,  YI  180. 
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This  method  (ie])ondB  upon  the  fact  that  hyposulphite  of  soda  maj 
duce  sesquioxide  of  iron  to  protoxide  in  accordance  with  the  equation 
Fe,  CI3  +  2  (Na  O,  S,  O,)  -  2  Fe  CI  -+-  Na  O,  S^  O5  +  Na  CI.  In  order 
that  this  reaction  serve  fox  analytical  purposes  it  is  necessary,  1,  that  a 
certain — ^not  too  great — proportion  of  free  acid  be  present ;  2,  that  the 
iron  solution  be  rather  concentrated ;  and,  3,  that  a  minute  amount  of 
solution  of  a  salt  of  protoxide  of  copper  be  present,  which  acts  to  trans- 
fer oxygen  from  the  iron  to  the  hyposulphite,  being  reduced  by  the  lat- 
ter to  suboxide  and  carried  again  to  protoxide  by  the  sesquisalt  of  iron. 
We  require : — 

fit.  A  Solution  of  Hyposulphite  of  Soda, 

This  may  be  made  by  dissolving  25  grm.  of  the  purest  commercial 
salt  in  1  litre  of  water. 

b.  A  Standard  Solution  of  a  Sesquisalt  of  Iron. 

This  is  prepared  by  dissolving  5*617  grm.  of  fine  piano-wire,  assumed 
to  contain  99 '7  per  cent,  of  iron,  in  hydrochloric  acid  in  a  slanting  long- 
necked  flask,  oxidizing  the  solution  with  chlorate  of  potassa,  removing 
the  excess  of  chlorine  by  protracted  gentle  boiling,  and  finally  diluting 
the  solution  to  1  litre ;  or  by  dissolving  24*1  grm.  of  piXre  ammonia- 
iron-alum  (see  p.  93)  in  1  litre  of  water. 

c.  A  Solution  of  Sulphate  of  Copper  containing,  say,  10  per  cent,  of 
the  ciystallized  saJt. 

d.  A  Solution  of  SulpJu>cyam.ide  of  Potassium, 

The  standard  of  the  hyposulphite-solution  must  be  fixed  by  aid  of  the 
accurately  prepared  iron-solution,  as  follows : — 

20  c.  c.  of  the  iron-solution  are  measured  into  a  small  flask  or  beaker,  well 
acidified  with  hydrochloric  acid ;  one  drop  of  the  copper  solution-is  added, 
and  enough  sulphocyanide  to  make  the  liquid  of  a  deep  red  color.  The  hy- 
posulphite (about  20c.c.)  is  added  from  a  burette,  rapidly  at  first,  after- 
wards slowly  and  cautiously,  until  the  red  color  is  discharged.  The  iron- 
solution  may  be  warmed  to  40°  C,  whereby  the  reaction  is  accelerated. 

When  the  iron-solution  is  dilute,  the  reaction  proceeds  with  incon- 
venient slowness,  but  after  some  practice  the  results  are  good.  From 
the  number  of  c.  c.  of  the  hyposulphite  solution  required  to  reduce  a 
known  quantity  of  sesquioxide  of  iron,  taking  the  mean  of  a  number  of 
nearly  accordant  observations,  may  be  calculated  the  quantity  of  sesqui- 
oxide of  iron,  or  of  metallic  iron,  corresponding  to  1  c.  c.  of  hyposulphite, 
and  this  factor,  multiplied  into  the  number  of  c.  c.  consumed  in  any 
analysis,  gives  the  quantity  of  sesquioxide  of  iron  or  of  metallic  iron 
sought. 

The  solution  of  the  iron  wliich  it  is  desii*ed  to  estimate  is  conducted 
as  described  for  making  the  standard  h.  It  must  be  free  from  nitric 
acid  and  oxides  of  chlorine ;  should  be  kept  rather  concentrated,  as  a 
matter  of  convenience  for  rapid  working,  and  should  contain  a  modeirate 
amount  of  free  hydi'ochloric  acid.  The  analysis  is  conducted  as  jusc 
described  for  the  standardizing. 

The  solution  of  hyposulphite  alters  slowly  with  deposition  of  sulphur, 
and  its  value  must  be  determined  anew  every  week  or  two. 

The  proiiess  is  convenient  and  excellent,  though  not  so  good  for  the 
estimation  i^f  minute  quantities  of  iron  as  the  method  with  permanganate.1 
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§  114. 

Supplement  to  tlis  FovHh  Onyap. 

7.  Sesquioxide  op  Uranium. 

If  the  compotmd  in  which  the  sesquio^de  of  uranium  is  to  be  deter* 
mined  contains  no  other  fixed  substances,  it  may  often  be  converted  into 
protosesquiootide  (XJr  O,  XJr,  O3)  by  simple  ignition.  If  sulphuric  acid 
is  present,  small  portions  of  carbonate  of  ammonia  must  be  thrown  into 
the  crucible  towards  the  end  of  the  operation. 

In  cases  where  the  application  of  this  method  is  inadmissible,  the  solu- 
tion of  uranium  (which,  if  it  contains  protoxide,  must  first  be  waimed 
Mrith  nitric  acid,  until  the  protoxide  is  converted  into  sesquioxide)  is 
precipitated  with  ammonia.  The  yellow  precipitate  formed,  which  con- 
sists of  hydrated  ammonio^esquioxide  cf  v/raniwm^  is  washed  with  a 
dilute  solution  of  chloride  of  ammonium,  to  prevent  the  fluid  passing 
milky  through  the  filter.  The  precipitate  is  dried  and  ignited  (§  53). 
To  make  quite  sure  of  obtaining  the  protosesquioxide  in  the  pure  state, 
the  crucible  Ls  ignited  for  some  time  in  a  slanting  position  and  uncovered ; 
the  lid  is  then  put  on,  while  the  ignition  is  still  continuing ;  the  cruci- 
ble is  allowed  to  cool  under  the  desiccator,  and  weighed  (H.  Rose). 

If  the  solution  from  which  the  sesquioxide  of  uranium  is  to  be  pre- 
cipitated contains  other  bases  (alkaline  earths,  or  even  alkalies),  portions 
of  these  will  precipitate  along  with  the  ammonio-sesquioxide  of  uranium 
For  the  measures  to  be  resorted  to  in  such  cases,  I  refer  to  Section  V. 

The  reduction  of  the  protosesquioxide  of  uraniimi  to  the  state  of 
protoxide  (Ur  O)  is  an  excellent  means  of  ascertaining  its  puiity  for  the 
purpose  of  control.  This  reduction  is  eftected  by  ignition  in  a  cun-ent 
of  hydrogen  gas,  in  the  way  described  §  111,  1  (Cobalt).  By  intense 
ignition,  the  property  of  the  protoxide  of  uranium  to  ignite  in  the  air  is 
destroyed.  The  separation  of  sesquioxide  of  uranium  from  phosphoric 
acid  is  efiected  by  fusing  the  compound  with  cyanide  of  potassium  and 
carbonate  of  soda.  Upon  extracting  the  fused  mass  with  water,  the 
phosphoric  acid  is  obtained  in  solution,  whilst  the  uranium  is  left  as 
protoxide.     Knop  and  Arendt  *  have  employed  this  method. 

The  equivalent  of  protosesquioxide  of  uranium  =  210*2,  viz.,  178*2  of 
uranium  and  32  of  oxygen.  In  100  parts,  the  compound  consists  of 
84*77  of  uranium  and  15*23  of  oxygen.  The  equivalent  of  protoxide 
of  uranium  is  67*4,  viz.,  59*4  of  uranium  and  8  of  oxygen  ;  in  IOC 
parts,  the  protoxide  consists  of  88*13  of  uranium  and  11*87  of 
oxygen. 

FIFTH   GROUP. 

OXIDE  OF  SILVER — OXIDE  OP  LEAD — SaBOXIDE  OP  MERCURY — OXIDE  OF 
MERCURY — OXIDE  OP  COPPER — TEROXIDE  OP  BISMUTH — OXIDE  OP  CAD- 
MIUM— (protoxide  OF  palladium). 

§  115. 
1.  Oxide  of  Silver. 
a.  SehUifyn, 

Metallic  silver,  and  those  of  its  compounds  which  are  insoluble  in 
water  are  best  dissolved  in  nitric  acid  (if  soluble  in  that  acid).  Dilute 
nitric  acid  suffices  for  most  compounds ;  sulphide  of  silver,  however,  re- 

*  Chem.  Centralbl.  1856,  773. 
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quires  concentrated  acid.  The  solution  is  effected  best  in  a  flask.  Ohio* 
ride,  bromide,  and  iodide  of  silver  are  insoluble  in  water  and  in  nitric 
acid.  To  get  the  silver  03ntained  in  them  in  solution,  proceed  as  fol- 
lows : — fuse  the  salt  in  a  porcelain  crucible  (this  operation,  though 
not  absolutely  indispensable,  had  better  not  be  omitted),  pour  water 
over  it,  put  a  piece  of  clean  zinc  or  iron  upon  it,  and  add  some  dilute 
sulphuric  acid.  Wash  the  reduced  spongy  silver,  first  with  dilute  sul- 
phuric acid,  then  with  water,  and  finally  dissolve  it  in  nitric  acid.  How- 
ever, as  we  shall  sec  below,  the  quantitative  analysis  of  these  salts  does 
not  necessarily  involve  their  solution. 

b.  Determination. 

Silver  may  be  weighed  as  chloride,  srdphidey  or  cyanide^  or  in  tiie 
metallic ^9.tdk\/Q  (§  82).  I*  is  also  frequently  determined  by  volumetric 
analysis. 

We  may  convert  into 

1.  Chloride  of  Silver. 

All  compounds  of  silver  without  exception. 

2.  Sulphide  of  Silver.    3.  Cyanide  of  Silver. 
All  compounds  soluble  in  water  or  nitric  acid. 

4.  Metallic  Silver. 

Oxide  of  silver,  and  some  of  its  compounds  with  readily  volatile  acids ; 
salts  of  silver  with  organic  acids ;  chloride,  bromide,  iodide,  and  sulphide 
of  silver. 

The  method  4  is  the  most  convenient,  and  is  preferred  to  the  others  in 
all  cases  where  its  application  is  admissible.  The  method  1  is  that 
most  generally  resorted  to.  2  and  3  serve  mostly  only  to  efibct  the 
separation  of  oxide  of  silver  from  other  bases. 

In  assays  for  the  Mint,  silver  is  usually  determined  volumetrically  by 
Gay-Lussac's  method.  Pisani's  volumetric  method  is  especially  suited 
to  the  determination  of  very  small  quantities  of  silver.  The  estimation 
of  silver  by  cupeliation  will  be  described  in  the  Special  Part. 

1.  Determination  of  Silver  as  Chloride, 

a.  In  the  Wet  Way. 

The  precipitated  chloride  of  silver  may  be  separated  from  the  super- 
natant fluid  either  by  decantation  or  by  filtration  ;  the  former  is  gene- 
rally preferred  for  large  quantities  of  precipitate,  the  latter  answers 
better  for  small  quantities.  Whichever  process  is  adopted,  the  chloride 
of  silver  must  be  completely  protected  from  the  influence  of  direct  sun- 
light, and  eveo  the  action  of  diflused  daylight  must  be  as  fiir  as  possible 
avoided. 

a.  Determination  by  Decantation, 

The  moderately  dilute  silver-solution  is  introduced  into  a  tall  flask 
with  long  neck  and  narrow  mouth,  and  some  nitric  acid  added  to  it ;  the 
fluid  is  heated  to  about  60^,  and  hydrochloric  acid  carefiilly  added  in 
such  quantity,  that  some  silver  still  remains  unprecipitated,  and  the 
chloride  separates  in  consequence  in  large  flocks.  After  their  formation 
has  been  completed  by  gently  moving  the  fluid,  add  cautiously  mote 
hydrochloric  acid,  till  the  last  drops  give  no  further  precipitate  (a  oou* 
siderable  excess  should  be  avoided,  as  hydrochloric  acid  dissolves  Tery 
small  traces  of  chloride  of  silver).     The  mouth  of  the  flask  is  then 


S  115.]  OXIDE  OF  SIL7SB.  207 

closed  witli  a  peifectlj  smooth  cork  (or,  better  still,  with  awell-gronnd 
glass  stopper),  and  the  flask  vigorously  shaken  until  the  precipitated 
chloride  of  silver  has  united  into  coherent  lamps,  and  the  supernatant 
fluid  has  become  pretty  clear.  The  chloride  adhering  to  the  neck  of 
the  flask  is  then  removed  by  agitating  the  clear  fluid,  and  the  last  traces 
are  washed  down  by  means  of  a  wash-bottle ;  the  flask  is  then  allowed 
to  stand  at  rest  for  twelve  hours  in  a  dark  place  at  the  ordinary  tem- 
perature. At  the  end  of  this  time  the  precipitate  will  have  complet^ely 
subsided  and  the  fluid  will  be  clear.  The  latter  is  then  slowly  and  cau- 
tiously decanted,  as  far  as  practicable,  into  a  beaker,  so  as  to  retain 
every  particle  of  the  chloride  in  the  flask,  whence  it  is  carefully  trans- 
ferred to  an  upright  smooth  porcelain  crucible  that  has  been  weighed  : 
the  last  particles  of  chloride  of  silver  are  got  out  by  putting  a  little 
'water  in  the  flask,  closing  the  mouth  with  the  finger,  inverting,  and 
rinsing  the  sides  and  bottom  by  agitation.  The  particles  thus  collect 
in  the  neck,  and  can  easily  be  transferred  to  the  crucible,  by  holding 
the  mouth  of  the  flask  close  over  the  latter,  and  letting  the  fluid  run 
out ;  a  washing  bottle  with  the  jet  turned  upwards  (§46)  may  also  be 
nsed  with  advantage. 

When  the  chloride  of  silver  has  completely  subsided  in  the  crucible, 
'which  is  greatly  accelerated  by  exposure  to  the  heat  of  a  water-bath,  the 
clear  supernatant  fluid  is  carefully  decanted  down  a  glass  rod  into  the 
same  beaker  which  contains  the  liquid  of  the  first  decantation.  The 
chloride  of  silver  in  the  crucible  is  moistened  with  a  few  drops  of  nitric 
acid,  and  then  treated  with  hot  distilled  water  ;  the  chloride  is  again  al- 
lowed to  subside,  the  clear  supernatant  fluid  again  decanted,  and  the 
same  operation  repeated  until  a  drop  of  the  last  decanted  fluid  no  longer 
gives  the  slightest  turbidity  with  nitrate  of  silver.  The  supernatant 
fluid  is  then  removed  as  completely  as  possible  by  means  of  a  pipette,  or 
by  cautious  decantation ;  the  chloride  is  thoroughly  dried  on  the  water- 
bath,  and  subsequently  heated  to  incipient  fusion  over  the  lamp,  taking 
care  to  apply  a  very  gentle  heat  at  fii^t ;  as  soon  as  the  chloride  begins 
to  fuse  round  the  border,  the  crucible  is  allowed  to  cool,  and  weighed. 

To  remove  the  mass  from  the  crucible,  completely  and  without  injury 
to  the  latter,  a  piece  of  iron  or  zinc  is  placed  upon  the  chloride,  and 
highly  dilute  hydrochloric  or  sulphuric  acid  added.  The  cinicible  is  finally 
cleansed,  dried,  and  weighed,  if  this  has  not  been  done  before  the  oi)era- 
tion.  Should  the  liquids  successively  decanted  from  the  chloride  of  silver 
not  be  perfectly  clear  and  transparent,  they  are  kept  standhig  in  the 
cold  until  the  last  particles  of  chloride  have  completely  subsided,  which 
frequently  requires  many  hours ;  the  clear  supernatant  fluid  is  then  de- 
canted, and  the  deposited  chloride  added  to  the  bulk  of  the  precipitate 
in  the  crucible,  the  whole  washed  and  treated  as  above  ;  or — and  this  is 
a  more  expeditious  way — ^the  minute  quantity  of  chloride  is  collected  on  a 
small  filter,  treated  as  directed  in  |3,  and  added  to  the  principal  amount. 

fi.  Determination  hy  Filtration, 

The  chloride  of  silver  is  precipitated  and  allowed  to  siibside  as  in  a ; 
the  supernatant  fluid  is  then  passed  through  a  small  filter,  to  which  the 
precipitate  is  subsequently  transferred,  with  the  aid  of  a  little  hot  water 
addtdated  with  nitric  acid ;  the  precipitate  collected  on  the  filter  is 
washed,  first  with  water  acidulated  with  nitric  acid,  afterwards  with 
pore  water ;  it  is  then  thoroughly  dried,  the  contents  of  the  filter  ara 
icauBferred  as  completely  as  possible  to  a  ii;;:!:H  ^rcelain  crucible^  ana 
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tbe  filter  itself  is  burnt  on  the  lid.  In  this  operation  aoiae  of  the  chlo- 
ride in  always  reduced,  the  ash  is  therefore  added  to  the  chloride  in  the 
crucible,  together  with  two  or  three  drops  of  dilute  nitric  acid :  heat  ia 
.pplied  for  a  short  time,  an.!  then  a  di-op  or  two  of  hydrochloric  acid  add- 
sd ;  lastly  heat,  at  first  gently  till  dry,  then  to  incipient  fusion,  and  weigh. 

For  the  properties  of  the  precipitate,  see  §  82;  Both  methods  give 
very  accurate  results,  unless  large  quantities  of  such  salts  are  present  as 
have  the  property  of  slightly  dissolving  chloride  of  silver,  compare  g  82. 
In  order  to  be  quite  safe  in  this  connection  it  is  advisable  to  test  the  clear 
filtrate  with  sulphuretted  hydrogen  before  throwing  it  away. 
b.  In  th«  Ihy  ^yay. 

This  method  serves  more  exclusively  for  the  analysis  of  bromide  and 
iodide  of  silver,  although  it  can  be  applied  in  the  case  of  other  com- 
pounds. 

Tbe  process  is  conducted  in  the  apparatus  illustrated  by  Fig.  49, 
leaving  off  the  tubes  E  and  F,  and  employing  a  str&ight  bulb-tube  or  a 
[•tain  tube  with  porcelain  tray  inst«ad  of  the  bent  tube  D. 


Piff.  48, 
A  is  an  apparatus  for  disengaging  chlorine ;  B  contains  concentrated 
Bulphunc  acid,  C  chloride  of  calcium  ;  D  is  a  bulb-tube  intended  for  tlte 
reception  of  the  iodide  ovbroinido  of  silver;  and  G,  which  directly  is  con- 
nected with  D,  serves  to  conduct  the  chlorine  gas  into  the  ojien  nir  or 
into  milk  of  lime.  The  ojiei-ation  is  couimenced  by  introducing  the 
compound  to  be  analyzed  into  the  bulb,  and  applying  heat  to  the  latter 
until  itscontents  are  fused;  when  cold,  the  tube  is  weighed  and  connected 
with  the  apijaratuH.  Chlorine  gas  is  then  evolved  from  A  ;  when  the 
evolution  of  the  g«a  has  proceeded  for  some  time,  the  contents  of  tbe 
bulb  are  heated  to  fusion,  and  kept  in  this  state  for  about  fifteen  min- 
utes, i^tating  now  and  then  the  fused  mass.  The  bulb-tube  is  then 
removed  from  the  appnratus,  allowed  to  cool,  and  held  in  a  slanting 
position  to  replace  the  chlorine  by  atmospheric  air ;  it  is  subsequently 
weighed,  then  again  connected  with  the  apparatus,  and  the  former  pro- 
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oess  repeated,  keeping  the  contents  of  D  in  a  state  of  fusion  for  a  fe*^ 
minutes.  The  operation  may,  in  ordinar}  cases,  be  considei^d  con- 
cluded if  the  weight  of  the  tube  suffers  no  variation  by  the  repetition  nf 
the  process.  If  the  highest  degree  of  accuracy  is  to  be  attained,  heat 
the  chloride  of.  silver  again  to  fusion,  passing  at  the  same  time  a  slovt 
stream  of  pure,  dry  carbonic  acid  through  the  tube,  in  order  to  drive 
out  the  traces  of  chlorine  absorbed  by  the  fused  chloride.  Allow  f^i 
cool,  hold  obliquely  for  a  short  time,  so  as  to  replace  the  cai*bonic  acid 
by  air,  and  finally  weigh.     See  §  82. 

2.  Determinottion  as  Sulphide  of  SUver, 

Sulphuretted  hydrogen  precipitates  silver  conpletely  from  acid,  neu- 
tral, and  alkaline  solutions  ;  sulphide  of  ammonium  precipitates  it  from 
t)euti*al  and  alkaline  solutions.  Recently  prepared  perfectly  clear  solu- 
tion of  sulphuretted  hydrogen  may  be  employed  to  precipitate  small 
quantities  of  silver ;  to  precipitate  larger  quantities,  the  solution  of  the 
salt  of  silver  (which  must  not  be  too  acid)  is  moderately  diluted,  and 
washed  sulphuretted  hydrogen  gas  conducted  into  it.  After  complete 
precipitation  has  been  effected,  and  the  sulphide  of  silver  has  perfectly 
subsided  (with  exclusion  of  air),  it  is  collected  on  a  weighed  filter, 
washed,  dried  at  100°  and  weighed.  For  the  properties  of  the  preci- 
pitate, see  §  82.  This  method,  if  jiroperly  executed,  gives  very  accurate 
results.  The  operator  must  take  care  to  filter  quickly,  and  to  prevent 
the  access  of  air  as  much  as  possible  during  the  filtration,  since,  if  this 
precaution  be  neglected,  sulphur  is  likely  to  sepai'ate  from  the  sulphuretted 
hydrogen  water,  which,  of  course,  woul<l  add  falsely  to  the  weight  of 
the  sulphide  of  silver. 

The  sul]>hide  of  silver  must,  however,  never  be  weighed  as  just 
described,  unless  the  analyst  is  satisfied  that  no  sulphur  has  fallen  down 
with  it,  as  would  occur  if  the  fluid  contained  hyponitric  acid,  sesqui- 
oxide  of  iron,  or  any  other  substance  which  decomposes  sulphuretted 
hydrogen.  In  case  the  precipitate  does  contain  admixed  sul];hur, 
the  sim[)leBt  process  is  to  convert  it  into  metallic  silver  (H.  KosE  *). 
For  this  purpose  it  is  transferred  to  a  weighed  porcelain  crucible,  the 
filter  ash  is  added,  and  the  whole  is  heated  to  i*edness  in  a  sti  earn  of 
hydrogen,  the  apparatus  described  in  §  108  being  employed.  Results 
accurate. 

Should  the  apparatus  in  question  not  be  at  the  operator's  disposal,  he 
may,  after  complete  washing  of  the  precipitate,  carefully  linse  it  into  a 
porcelain  dish  (without  injuring  the  weighed  filter),  heat  it  once  or  t^dce 
with  a  moderately  strong  solution  of  pure  sulphite  of  soda,  re- transfer 
the  precipitate  (now  freed  from  admixed  sulphur)  to  the  old  filter,  wash 
well,  dry  and  weigh  (J.  LowEf) ;  or  he  may  treat  the  di-ied  precipitate, 
together  with  the  filter-ash,  with  moderately  dilute  chlorine-free  nitric 
acid  at  a  gentle  heat,  till  complete  decomposition  has  been  eflected  (till 
the  undissolved  sulphur  has  a  clean  yellow  appearance),  filter,  wash  well, 
and  proceed  according  to  1. 

3-  Determination  as  Cyanide  of  Silver, 

Mix  the  neutral  or  acid  solution  of  silver  with  cyanide  of  potassium, 
antil  the  pi-ecipitate  of  cyanide  of  silver  which  forms  at  first  is  redissolved ; 
%dd  nitric  acid  in  slight  excess,  and  apply  a  gentle  heat.     After  some 

•  Pogg.  Anna!  ItO,  139.  f  Joum.  f .  prakt.  Chem.  77,  78. 
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time,  collect  the  precipitated  cyanide  of  silvei  on  a  voighed  filter,  vashi 
dry  at  100°,  and  weigh.  For  the  properties  ox  the  precipitate,  see  §  82. 
Ihe  results  are  accurate. 

4.  Determination  as  MetaUic  Silver, 

Oxide  of  silver,  carbonate  of  silver,  &c.,  are  easily  reduced  by  simple 
igjiiMon  in  a  porcelain  crucible.  In  the  reduction  of  salts  of  silver  with 
organic  acids,  the  cinicible  is  kept  covered  at  first,  and  a  moderate  heat 
applied ;  after  a  time  the  lid  is  removed,  and  the  heat  inci-eaaed,  until 
the  whole  of  the  carbon  is  consumed.  For  the  properties  of  tlie  residue, 
see  §  82.  The  results  ai^e  absolutely  accurate,  except  as  regards  salts  of 
silver  with  organic  acids ;  in  the  analysis  of  the  latter,  it  not  unfre- 
quently  happens  that  the  reduced  silver  contains  a  minute  portion  of 
carbon,  which  increases  the  weight  of  the  residue  to  a  trifling  extent. 

If  it  is  de8ii*ed  to  transform  chloride,  bromide,  iodide,  or  sulphide  of 
silver  into  metallic  silver,  for  the  purpose  of  analysis,  they  are  heated 
in  a  current  of  pure  diy  hydrogen  to  redness,  till  the  weight  remains  con- 
stant. The  process  may  be  conducted  in  a  porcelain  crucible  or  a  bulb- 
tube.  In  the  former  case,  the  apparatus  described  §  108,  fig.  No.  47 
is  used ;  in  the  latter  the  apparatus  represented  p.  208,  with  the 
substitution,  of  courae,  of  hydrogen  for  chlorine.  If  the  bulb-tube  is  used, 
it  must,  after  cooling  and  before  being  weighed,  be  held  in  an  inclined 
position,  so  that  the  hydrogen  may  be  replaced  by  air.  The  results 
ire  perfectly  accurate.    See  also  Cupellation,  Special  Pai't. 

6,   Volumetric  Methods. 

1.  Gay-Lussac's. 

This,  the  most  exact  of  all  known  volumetric  processes,  was  intio- 
duced  by  Gay-Lussac  as  a  substitute  for  the  assay  of  silver  by  cujiella- 
tion,  was  thoroughly  investigated  by  him,  And  will  be  found  fully  de- 
scribed in  his  work  on  the  subject.  This  method  has  been  i-entlered  still 
more  precise  by  the  i-esearches  of  G.  J.  Mulder,  to  whose  exhaustive  mo- 
nograph *  1  refer  the  special  student  of  this  branch.  I  shall  here  con- 
fine myself  to  giving  ihe  process  so  far  as  to  suit  the  requirements  of 
the  chemical  laboi'atory,  taking  only  for  gi'anted  that  the  analyst  has  the 
ordinary  measuring  appai*atu8,  <fcc.,  at  his  disposal.  MuLDER'a  results 
will  be  made  use  of  to  the  full  extent  possible  under  these  circumstances. 

a.  Requisites. 

a.  SoLUTIOJf  OP  CHLORIDE  OP  SODIUM. 

Take  chemically  pure  chloride  of  sodium — either  artificially  prepared 
or  pure  rock-salt- — powder  it  roughly  and  ignite  moderately  (not  to 
fusion  f ). 

Now  dissolve  5*4145  grm.  in  distilled  water  to  1  litre,  measured  at  16°. 
100  c.  c.  of  this  solution  contains  a  quantity  of  chloride  of  sodium, 
equivalent  to  1  grm.  of  silver. 

The  solution  is  kept  in  a  stoppered  bottle  and  shaken  Wfore  use. 

13.  Decimal  solution  op  chloride  op  sodium. 

Transfer  50  c.  c.  of  the  solution  described  in  a  to  a  50C  c.  c.  measur- 


♦  Die  Silberprobirmetbode  (see  note,  p.  122). 

f  On  fusion,  if  the  flame  can  in  the  least  way  act  upon  it,  it  takc«  an  alkaline 
reaction,  since  under  the  influence  of  vapor  of  water  and  carbonic  acid,  a  littl* 
hydrochloric  acid  is  formed  and  escapes,  while  a  corresponding  quantity  of 
bonate  of  soda  remains. 
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lug  flask,  fill  up  to  the  mark  with  distilled  water  and  shake.  Each  c.  d 
of  this  decinud  solution  corresponds  to  0*001  grm.  silver.  The  measuring 
must  be  performed  at  16°. 

The  solution  is  kept  as  the  other. 

y.^ECIMAL  SILVER  SOLUTION. 

Dissolve  0*5  grm.  chemically  pure  silver  in  2  to  3  c.  c.  pure  nitrio 
acid  of  1*2  sp.  gr.,  and  dilute  the  solution  with  water  exactly  to  500 
c.  c.  measured  at  16°.  Each  c.  c.  contains  O'OOl  grm.  silver.  The  so- 
lution is  kept  in  a  stoppered  bottle  and  protected  against  the  influence 
of  light. 

J,  Tkst-bottles. 

These  should  be  of  white  glass,  holding  easily  200  c.  c,  closed  with 
"well-ground  glass  stoppers,  running  to  a  point  below.  The  bottles  fit 
into  cases  blackened  on  the  inside,  and  reaching  up  to  their  necks.  In 
order  to  protect  the  latter  also  from  the  action  of  light,  a  black-cloth 
cover  is  employed. 

h.  Principle. 

Suppose  we  know  the  value  of  a  solution  of  chloride  of  sodium,  i.e.,  the 
quantity  that  is  necessary  to  precipitate  a  given  amount  of  silver,  say 
1  gnn.,  we  are  in  the  position,  with  the  aid.  of  this  solution,  to  deter- 
mine an  unknown  amount  of  silver,  for  if  we  put  x  for  the  unknown 
amount  of  silver,  then 

c.  c.  of  solution  used  for  1  grm.    :    c.  c.  used  for  x  :i  I  grm.  :  x. 

But  if  we  examine  whether  1  eq.  chloride  of  sodium  dissolved  in  water 
actually  precipitates  1  eq.  of  silver  dissolved  in  nitric  acid  exactly,  we 
find  that  this  is  not  the  case.  On  the  contrary,  the  clear  supernatant 
fluid  gives  a  small  precipitate  both  on  the  addition  of  a  little  solution 
of  chloride  of  sodium,  and  on  the  addition  of  a  little  silver-solution,  as 
Mulder  has  most  accurately  determined.  The  value  of  a  solution  of 
chloride  of  sodium  in  the  sense  explained  above  cannot,  therefore,  be 
reckoned  from  the  amount  of  salt  it  contains,  by  calculating  1  eq.  silver 
for  1  eq.  chloride  of  sodium,  but  it  can  only  be  obtained  by  experiment. 
Mulder  has  shown,  that  the  temperature  and  the  degree  of  dilution 
have  some  influence,  and  also  that  this  fact  is  to  be  exj)lained  on  the 
ground  of  the  solvent  pov  er  of  the  nitrate  of  soda  produced  on  the 
chloride  of  silver.  In  the  solution  thus  formed  we  have  to  imagine  Na 
O,  N  O5  and  Na  CI  with  Ag  O,  N  O5  in  a  certain  state  of  equilibrium, 
which,  on  the  addition  of  either  Na  CI  or  Ag  O,  N  O5  is  destroyed, 
shloride  of  silver  being  precipitated. 

From  this  interesting  observation  it  follows,  that  if  to  a  silver-solution 
we  add  at  first  concentrated  solution  of  chloride  of  sodium,  then  deci- 
mal solution  drop  by  drop,  till  the  exact  point  is  reached  when  no  more 
precipitate  appears,  now,  on  addition  of  decimal  silver-solution  a  small 
precipitate  will  be  again  produced ;  and  if  we  add  the  latter  drop  by  drop, 
till  the  last  drop  occasions  no  turbidity,  then  again  decimal  solution  of 
chloride  of  sodium  will  give  a  small  precipitate.  On  noticing  the  num- 
ber of  drops  of  both  decimal  solutions  which  are  required  to  pass  from 
one  limit  to  the  other,  we  find  that  the  same  number  of  each  ai^e  used. 
I/et  OS  suppose  that  we  had  added  decimal  solution  of  chloiide  of  sodium 
till  it  ceased  to  react,  and  had  then  used  20  drops*  of  decimal  silver-solution, 

*  Twenty  drops  from  Mulder's  dropping*  apparatus  are  equal  to  1  o.  o. 
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till  this  ceased  to  produce  a  further  turbidity,  we  must  now  again  adi 
20  drops  of  decimal  solution  of  chloride  of  sodium,  in  order  to  reach  th€ 
point  at  which  this  ceases  to  react.  Were  we  to  add  only  10  instead  of 
these  20  drops,  we  have  the  neutral  point,  as  Mulder  calls  it,  t.e.,  the 
point  at  which  both  silver  and  chloride  of  sodium  produce  equal  pre- 
cipitates. 

We  have,  therefore,  3  different  points  to  choose  from  for  our  final 
reaction :  a,  the  point  at  which  chloride  of  sodium  has  just  ceased  to 
precipitate  the  silver ;  6,  the  neutral  point ;  c,  the  point  at  which  silver 
solution  has  just  ceased  to  precipitate  chloride  of  sodium.  Whichever 
we  may  choose,  we  must  keep  to  it,  i.e.,  we  must  not  use  a  different  point 
in  standardizing  the  chloride  of  sodium  solution  and  in  performing  an 
analysis.  The  difference  obtained  by  using  first  a  and  then  b  is,  ac- 
cording to  Mulder,  for  1  grm.  silver,  at  16°,  about  0*5  mgrm.  silver ;  by 
employing  first  a  and  then  c,  as  was  permitted  in  the  original  process  of 
Gay-Lussac,  the  difference  is  increased  to  1  mgrm. 

For  our  object,  it  appears  most  convenient  to  consider,  once  for  all, 
the  point  a  as  the  end,  and  never  to  finish  with  the  silver-solution.  If 
the  point  has  been  overstepped  by  the  addition  of  too  large  an  amount 
of  decimal  solution  of  chloride  of  sodium,  2  or  3  c,  c.  of  decimal  silver- 
solution  should  be  added  all  at  once.  The  end-point  is  then  found 
by  carefully  adding  decimal  solution  of  chloride  of  sodium  again, 
and  the  quantity  of  silver  in  the  silver-solution  added  is  reckoned 
from  the  original  amount  of  silver  weighed  in  making  the  solution. 

c.  Performance  of  the  Process. 

Tills  is  divided  into  two  oijewtions — a,  the  fixing  of  the  value  of  the 
chloride  of  sodium  solution  ;  p,  the  assay  of  the  silver  alloy  to  be 
examined. 

a.  Detehmtnatton  of  the  value  of  the  Chloride  of  Sodium  soLa- 
TION,  i.c.,  its  power  of  precipitating  silver. 

Weigh  oflf  exactly  from  1*001  to  1*003  grm.  chemically  pure  silver, 
put  it  into  a  test-bottle,  add  5  c.  c,  perfectly  pure  nitric  acid,  of  1*2  sp. 
gr.,  and  heat  the  bottle  in  an  inclined  position  in  a  water-  or  sand-bath 
till  complete  solution  is  effected.  Now  blow  out  the  nitrous  fumes 
from  the  upper  part  of  the  bottle,  and  after  it  has  cooled  a  little,  place 
it  in  a  stream  of  water,  the  temperature  of  which  is  about  16°,  and  let 
it  i*emain  there  till  its  contents  are  cooled  to  this  degrea;  wipe  it  dry, 
and  place  it  in  its  case. 

Now  fill  the  100  c.  c.  pipette  with  the  concentrated  solution  of  chlo- 
ride of  sodium,  which  is  then  allowed  to  flow  into  the  test-bottle  con- 
taining the  silver  solution.*  Insert  the  glass  stopper  firmly  (aftei 
moistening  it  with  water),  cover  the  neck  of  the  bottle  with  the  cAp  of 
black  stuff  belonging  to  it,  and  shake  violently,  without  delay,  till  the 
chloride  of  silver  settles,  leaving  the  fluid  perfectly  clear.  Then  take 
the  stopper  out,  rub  it  on  the  neck,  so  as  to  remove  all  chloride  of  sil- 
ver, replace  it  firmly,  and  by  giving  the  bottle  a  few  dexterous  turns, 
rinse  the  chloride  down  from  the  upper  part.  After  allowing  to  rest  a 
little,  again  remove  the  stopper,  and  add,  from  a  bui'ette  divided  into 
^  c.  c,  decimal -chloride  of  sodium  solutioD,  allowing  the  drops  to  fall 

*  The  pipette,  having  been  filled  above  the  mark,  ahould  be  fixed  in  a  tuppoit 
oef  ore  the  excess  is  allowed  to  ran  out,  otherwise  the  measuring  will  not  be  aat* 
ficientlj  accurate. 
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against  the  lower  part  of  the  neck,  the  bottle  being  held  in  an  inclined 
position.  I^  as  above  directed,  1*001  to  1*003  grm.  silver  have  beeii 
employed,  the  portions  of  chloride  of  sodium  solution  at  first  added 
may  be  ^  c.  c.  After  each  addition,  raise  the  bottle  a  little  out  of  iU 
case,  observe  the  amount  of  precipitate  produced,  shake  till  the  fluid 
lias  become  clear  again,  and  proceed  as  above,  before  adding  each  fresh 
quantity  of  chloride  of  sodium  solution.  The  smaller  the  precipitate 
produced,  the  smaller  should  be  the  quantity  of  chloride  of  sodium  next 
added ;  towards  the  end  only  two  drops  should  be  added  each  time ;  and 
quite  at  the  end  read  oh'  the  height  of  the  fluid  in  the  burette  before 
each  further  addition.  When  the  last  two  drops  give  no  more  preci- 
pitate, the  previous  reading  is  the  correct  one. 

If  by  chance  the  point  has  been  overstepped,  and  the  time  has  been 
missed  for  the  proper  reading  off  of  the  burette,  add  2  to  3  c.  c.  of  the 
decimal  silver  solution  (the  silver  in  which  is  to* be  added  to  the  quantity 
first  weighed),  and  tiy  again  to  hit  the  point  exactly  by  careful  addition 
of  decimal  chloride  of  sodiiun  solution. 

The  value  of  the  chloride  of  sodium  solution  is  now  known.  Beckon 
it  to  1  grm.  sUver. 

Suppose  we  had  used  for  1*002  grm.  silver  100  c.  c.  of  concentrated  and 
3  e.  c.  of  decimal  chloride  of  sodium  solution ;  this  makes  altogether  100*3 
of  concentrated ;  then 

1*002:  1*000::  100*3  :  a? 

X  =  100*0998 

We  may  without  scruple  put  100*1  for  this  number.  We  now  know  that 
100*1  c.  c.  of  the  concentrated  solution  of  chloride  of  sodium,  measured 
at  16**,  exactly  precipitates  1  grm.  of  silver.  This  relationship  serves  as 
the  foundation  of  the  calculation  in  actual  assaying,  and  must  be  re- 
examined whenever  there  is  reason  to  imagine  that  the  strength  of  the 
chloride  of  sodium  solution  may  have  altered. 

^.  Thb  actual  assay  op  the  Silvkr-Alloy. 

Weigh  off  so  much  as  contains  about  1  grm.  of  silver,  or  better,  a  few 
mgrm.  more;*  dissolve  in  a  test-bottle  in  5  to  7  c.  c.  nitric  acid,  and 
proceed  in  all  respects  exactly  as  in  a. 

Suppose  we  had  taken  1*1  IG  grm.  of  the  alloy,  and,  in  addition  to  the 
100  c  c.  of  concentrated  chloride  of  sodium  solution,  had  used  5  c.  c.  of 
the  dilut-e  (  =  0*5  concentrated),  how  much  silver  would  the  alloy 
contain? 

Presuming  that  we  use  the  same  chloride  of  sodium  solution  which 
■erved  as  our  example  in  a,  100*1  c.  c.  of  which  =  1  grm.  silver,  then 

100*1  :  100-5  : :  1*000  :  x 

X  =  1*003996  (say  1*004). 

*  In  ooina,  which  consist  of  9  parts  of  silver  and  1  part  of  copper,  therefore  take 
about  1  '1 15  or  1  '120.  In  weighing  oif  alloys  of  silver  and  copper,  which  do  not  cor- 
respond to  the  formula  Aga  Cu^  (standard  ^^,^„^()u  ^  \  we  must  remember  that  they 
mre  never  homogeneous  in  the  mass ;  thtife,  for  instance,  the  pieces  of  metal  from 
whidi  coins  are  stamped,  often  show  1  '5  to  1  *?  in  a  thousand  more  silver  in  the 
middle  thaai  at  the  edges.  In  assaying  alloys,  then,  portions  from  various  parti 
of  the  mass  must  be  tf3cen,  in  order  to  get  a  correct  result  The  inaccuracy,  how- 
ever, pnKseeding  from  the  cause  above  mentioned,  can  only  be  completely  oxm- 
oosae  by  fusing  the  alloy ,  and  taking  out  a  portion  from  the  well-stined  mnssfoi 
themmaj. 
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[  We  may  also  arrive  at  tho  same  result  in  the  following  maimer  : — 

Na  CI  Solatioa. 
For  the  precipitation  of  the  silver  in  the  alloy  were  used     100*5  c.  c. 
For  1  grm.  silver  are  necessary 100*1  c.  c. 


Difference 0*4  c.  c. 

There  are,  therefore,  4  mgrm.  of  silver  present  more  than  a  gmi.,  on 
the  presumption  that  0*1  of  the  concentrated  chloride  of  sodium  solution 
(=1  c.  c.  of  the  decimal  solution)  corresponds  to  1  mgrm.  silver.  This 
supposition,  although  not  absolutely  correct,  may  be  safely  made,  for 
the  inexactness  it  involves  is  too  minute,  as  is  evident  from  the  previous 
calculation. 

Befoi'e  we  can  execute  this  process  exactly,  we  must  know  the  quantity 
of  silver  the  alloy  contains  very  approximately.  In  assaying  coins  of 
known  value  this  is  the  case,  but  with  other  silver  alloys  it  is  UHually 
not  so.  Under  the  latter  circumstances  an  approximate  estimation  must 
precede  the  regular  assay.  This  is  performed  by  weighing  off  ^  gnn.  (or 
in  the  case  of  alloys  that  are  poor  in  silver,  1  grm.),  dissolving  in  3  to 
6  c.  c.  nitric  acid,  and  adding  from  the  burette  chloride  of  sodium  solution, 
— first  in  larger,  then  in  smaller  quantities — till  the  last  drops  produce  no 
further  tui'bidity.  The  last  di-ops  are  not  reckoned  with  the  rest.  The 
operation  is  conducted,  as  regards  shaking,  t&c.,  as  previously  given. 
Suppose  we  had  weighed  off  0*6  grm.  of  the  alloy,  and  employed  25  c.  c. 
of  the  chloride  of  sodium  solution — taking  the  above  supposed  value  of 
the  latter —  , 

We  have  100*1  :  25  :  :  1*000  :  x 

X  =  0*2497 

that  is,  the  silver  in  *5  grm.  of  the  alloy ;  and  as  to  the  quantity  of  alloy 
we  have  to  weigh  off  for  the  assay  proper, 

We  have  -2497  :  1*003  :  : '5  :  x 

a;  =2*008. 

This  quantity  will,  of  course,  require  more  nitric  acid  for  solution  than 
was  previously  used  (use  10  c.  c).  In  cases  where  the  higliest  degree  of 
accuracy  is  not  required,  the  results  afibrded  by  this  i-ough  preliminary 
estimation  will  be  accurate  euough  if  the  experiment  is  cai-efuUy  couducted, 
since  they  give  the  quantity  of  silver  present  to  within  Ybhru  ^^  "5  hf- 

With  alloys  which  contain  sulphur,  and  with  such  as  consist  of  gold 
and  8ilver,^and  contain  a  little  tin,  Levol  *  emj>loys  concenti*ated  sulphuric 
acid  (about  25  grm.)  as  solvent.  The  portion  of  the  alloy  is  boiled  with 
it  till  dissolved  ;  after  cooling,  the  fluid  is  treated  in  the  usual  manner. 
As,  however,  concentrated  sulphuiic  acid  foils  to  dissolve  all  the  silver 
when  there  is  much  copper  present,  Mascazzini  f  digests  the  weighe<l 
portion  of  alloy  (which  may  contam  small  quantities  of  lead,  tin,  and 
antimony,  besides  gold)  first  with  the  least  possible  amount  of  zutrica^nd. 


•  Aimal.  de  Ohim.  et  de  Phys.  8  ser.  44,  347.     f  Chein.  GentralbL  1857,  90Ql 
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long  as  red  vapors  are  formed ;  he  then  adds  concentratod  sulphuric 
add,  boils  till  the  gold  has  settled  well  together,  adds  water  after  cooling, 
and  then  proceeds  to  the  assay. 

2.  PiSANi's  Method.* 

.  This  process  depends  on  the  following  reaction :  a  solution  of  iodide  of 
starch  added  to  a  neutral  solution  of  nitrate  of  silver  forms  iodide  of  silver 
and  (in  all  probability)  iodate  of  silver.  The  blue  color  consequently 
vanishes,  and  on  continued  additions  of  the  iodide  of  starch,  the  fluid  does 
pot  become  permanently  blue  till  all  the  nitrate  of  silver  present  is  decom- 
posed in  the  above  manner.  The  iodide  of  starch  solution  used  is  there- 
fore proportional  to  the  quautity  of  nitrate  of  silver.  Hence,  if  the  value 
of  the  iodide  of  starch  solution  be  determined,  by  allowing  it  to  act  on  » 
certain  amount  of  silver  solution  of  known  strength,  we  shall  be  able  to 
estimate  unknown  quantities  of  silver  with  the  greatest  ease,  provided 
that  the  silver  solution  is  free  from  all  other  substances  which  exert 
a  decomposing  action  on  the  iodide  of  starch.  Besides  the  ordinary 
reducing  agents,  the  following  salts  must  be  especially  mentioned  as 
possessing  this  power :  the  salts  of  suboxide  and  pi'otoxide  of  mercury, 
of  protoxide  of  tin,  of  teroxide  of  antimony,  of  ai-senious  acid,  of  pro- 
toxide of  iron  and  of  protoxide  of  manganese,  also  chloride  of  gold  ;  salts 
of  lead  and  of  copper,  on  the  other  hand,  do  not  affect  iodide  of  starch. 

The  iodide  of  starch  is  prepared  as  follows :  make  an  intimate  mixture 
in  a  mortar  of  2  grm.  iodine  and  15  grm.  starch  with  the  addition  of  6 
to  8  drops  of  water,  and  heat  the  slightly  moist  mixture  in  a  closed  flask 
in  a  water-bath,  till  the  original  violet-blue  color  has  passed  into  dark 
grayish-blue — it  takes  about  an  hour.  The  iodide  of  starch  thus  pre- 
pared is  then  digested  with  water ;  it  dissolves  completely  te  a  deep 
bluish-black  fluid. 

The  value  of  this  fluid  is  determined  by  allowing  it  to  act  on  10  c.  c. 
of  a  neutral  solution  of  nitrate  of  silver,  containing  1  gi'm.  of  pure  silver 
in  1  litre, — ^the  silver  solution  i6  mixed  with  a  little  pure  precipitated 
carbonate  of  lime  before  adding  the  iodide  of  starch.  The  strength  of 
this  latter  is  right,  if  50  to  60  c.  c.  are  used  in  this  experiment.  On 
adding  it,  at  first  the  blue  color  disappears  rapidly,  and  the  fluid  becomes 
yellowish  from  the  iodide  of  silver.  The  end  of  the  operation  is  attained 
as  soon  as  the  fluid  is  bluish-green.  The  point  is  pretty  easy  to  hit,  and 
an  error  of  0*5  c.  c.  is  of  no  importance,  as  it  only  corresponds  to  about 
0*0001  grm.  of  silver.  The  carbonate  of  lime,  besides  neutralizing  the 
free  acid,  has  the  effect  of  rendering  the  final  change  of  the  color  more 
distinctly  observable.  To  analyze  an  alloy  of  silver  and  copper,  dis- 
solve about  0*5  grm.  in  nitric  acid,  dilute  te  100  c.  c.  te  lower  the  color 
of  the  copper,  saturate  5  c.  c.  with  carbonate  of  lime,  and  add  iodide  of 
starch  till  the  coloration  appears.  Or,  you  may  determine  very  approxi- 
mately the  amount  of  silver  in  2  c.  c.  of  the  solution,  then  precipitate 
the  greater  part  (about  99^)  of  the  silver  from  50  c.  c.  of  the  solution 
with  standard  solution  of  chloride  of  sodium,  filter  (for  the  chloride  of 
lilver  also  exercises  a  decolorizing  action),  and  estimate  the  remainder 
9f  the  silver  by  means  of  iodide  of  starch.  If  the  amount  of  silver  to  bo 
detemuned  is  more  than  0*020  grm.,  it  is  always  better  te  employ  the 

*  AnnaL  d.  Min  ,  x.  83 
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latter  methort.  Li  tbo  case  of  a  nitiic  acid  solution  containing  silvei 
with  lead,  the  latter  metal  is  first  precipitated  with  sulphuric  acid  and 
filtered  ofi*,  carbonate  of  lime  is  added  to  the  filtrate  till  all  free  arid  is 
neutralized,  the  fluid  is  filtered  again  (if  necessary),  and  lastly,  more 
carbonate  of  lime  is  added,  and  then  the  iodide  of  starch.  Very  dilut'i 
solutions  may  be  concentrated,  so  that  one  may  have  no  more  than 
from  50  to  100  c.  c.  to  deal  with.  The  method  is  specially  suited  for 
the  estimation  of  small  quantities  of  silver.  With  such  it  has  aiibrded 
me  perfectly  satis&ctory  results. 

Instead  of  the  standard  iodide  of  starch,  a  dilute  standard  solution 
of  iodine  in  iodide  oi  potassium  may  be  equally  well  employed, — with 
addition  of  starch  solution  (Field  *). 


§116. 

2.  Oxide  of  Lead. 

a.  Solution. 

Few  of  the  salts  of  lead  are  soluble  in  water.  Metallic  lead,  oxide 
of  lead,  and  most  of  the  salts  of  lead  that  are  insoluble  in  water  dissolve 
in  dilute  nitric  acid.  Concentrated  nitric  acid  efi'ects  neither  complete 
decomposition  nor  complete  solution,  since,  owing  to  the  insolubility  of 
nitrate  of  lead  in  concentrated  nitric  acid,  the  first  portions  of  nitrate 
formed  protect  the  yet  undecomposed  parts  of  the  salt  from  the  action 
of  the  acid.  For  the  solubility  of  chloride  and  sulphate  of  lead,  see 
§  83.  As  we  shall  see  below,  the  analysis  of  these  compounds  may  be 
effected  witlwut  dissolving  them.  Iodide  of  lead  dissolves  readily  in 
moderately  dilute  nitiic  acid  upon  application  of  heat,  with  sepaL-atiou 
of  iodine.  Solution  of  potassa  is  the  only  menstruum  in  which  chro- 
mate  of  lead  dissolves  without  decomposition ;  for  the  purpose  of  analy- 
sis, the  chromate  is  best  converted  into  the  chloride  (see  below).  S\il- 
phide  of  lead  may  be  converted  at  once  into  sulphate  (see  §  116,  2). 

h.  Determmatum. 

Jjead  may  be  determined  as  oocide^  sulphate^  chromate,  or  sulphide  f 
also  by  volumetric  analysis. 

We  may  convert  into 

1.  Oxide  of  Lsad. 

a.  JBy  JPrecipitation, 

Ail  salts  of  lead  soluble  in  water,  and  those  of  its  salts  which,  insohi> 
ble  in  that  menstruum,  dissolve  in  nitric  acid,  with  separation  of  theiT 
acid. 

b.  Sy  Ignition. 

a.  Salts  of  lead  with  readily  volatile  or  decomposable  inoi'ganic  acidft 
0.  Salts  of  lead  with  organic  acids. 


•  Chem.  News,  ii  17. 
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2.  Sulphide  of  Lead. 
All  salts  of  lead  in  solution. 

3.  Sulphate  of  Lead. 

€k  JBf^  Precipitation, 

The  salts  that  are  insoluble  in  water,  but  soluble  in  nitric  aci  I,  whose 
ajid  cannot  be  separated  from  the  solution. 

6.  £y  Evaporation, 

a.  All  the  oxides  of  lead,  and  also  the  salts  of  lead  witli  volatile 
acids. 

0.  Many  of  the  organic  compounds  of  lead. 

4.  Chromate  of  Lead. 

The  compounds  of  lead  soluble  in  water  or  nitric  acid. 

The  application  of  these  several  methods  must  not  be  understood  to  be 
rigorously  confined  to  the  compounds  8|)ecially  enumerated  under  their 
respective  heads ;  thus,  for  instance,  all  the  compounds  cnumei-ated  sub 
ly  may  likewise  be  determined  as  sulphate  of  lead ;  and,  as  above  men-> 
tioned,  all  soluble  compounds  of  lead  may  be  converted  into  su]j)hide  of 
lead ;  also,  in  sulphate  of  lead  the  lead  may  be  without  difficulty  deter- 
mined as  sulphide.  Chloride,  bromide,  and  iodide  of  lead  are  most  con- 
veniently reduced  to  the  metallic  state  in  a  cun*ent  of  hydrogen  gas,  in 
the  manner  described  §  115  (Reduction  of  chloride  of  silver),  if  it  is  not 
deemed  preferable  to  dissolve  them  in  water,  or  to  decompose  them  by 
a  boiling  solution  of  carbonate  of  soda.  If  the  reduction  metliod  is 
i^soited  to,  the  heat  applied  should  not  be  too  intense,  since  this  might 
cause  some  chloride  of  lead  to  volatilize. 

The  higher  oxides  of  lead  are  reduced  by  ignition  to  the  state  of  sim- 
ple oxide,  and  may  thus  be  readily  analyzed  and  dissolved.  Should  the 
operator  wish  to  avoid  having  recourse  to  ignition,  the  most  simple 
mode  of  dissolving  the  higher  oxides  of  lead  is  to  act  upon  them  with 
dilute  nitric  acid,  with  the  addition  of  alcohol.  For  the  methods  of 
analyzing  sulphate,  chromate,  iodide,  and  bromide  of  lead,  I  refer  to  the 
paragraphs  treating  of  the  corresponding  acids,  in  the  second  pai-t  of 
this  Section.  To  effect  the  estimation  of  lead  in  the  oxide  and  in  many 
salts  of  lead,  especially  also  in  the  sulphate,  the  compoimd  under  ex- 
amination may  be  fused  with  cyanide  of  potassium,  and  the  metallic 
lead  obtained  well  washed,  and  weighed.  From  the  sulphide  also  the 
greater  portion  of  the  lead  may  be  separated  by  this  method,  but  never 
the  whole  (H.  Rose  *). 

1.  Determination  as  Oxide, 

a.  J9y  JPrecipitation, 

Mix  the   moderately  dilute   solution  with  carbonate  of  ammonia  f 

•  Pogsr.  AnnaL  91.  144. 

f  Oxalate  of  ammonia,  which  has  been  8o  hiofhly  reoommendod  as  a  precipitant 
for  lead,  is  not  no  delicate  as  the  carbonate*  My  experience  in  this  respect  co- 
Incidea  with  F.  Mohr^s  (Expt.  No.  48). 


318  DBTERMINATIOK.  [§  1 1G 

eliglitlj  m  excess,  add  some  caustic  ammonia,  apply  a  gentle  heat,  and 
after  some  time,  filter.  Wash  the  precipitate  with  pure  water,  diy^ 
and  ignite  in  a  porcelain  crucible,  having  pi^eviously  incinerated  the 
filter  on  the  lid.  For  the  properties  of  the  pi*ecipitate  and  residue,  sei 
§  83.  The  results  are  satisfactory,  although  generally  a  trifle  too  low 
owing  to  cai'bonate  of  lead  not  being  absolutely  insoluble,  particularly 
in  fluids  rich  in  ammoniacal  salts  (Expt.  No.  47).  A  small  and 
thin  filter  should  be  used,  and  care  taken  to  remove  the  precipitate 
OS  completely  as  practicable  before  proceeding  to  incineration  ;  other- 
wise additional  loss  of  substance  might  be  incurred,  from  reduction  of 
the  adhering  particles  of  the  carbonate  to  metallic  le»eul. 

b.  JSi/  Ignition. 

Compounds  like  'Carbonate  or  nitrate  of  lead  are  cautiously  ignited 
in  a  porcelain  crucible,  until  the  weight  i*emains  constant.  In  case  of 
salts  of  lead  with  organic  acids,  the  substance  is  very  gently  heated  in  a 
small  covered  porcelain  crucible,  which  is  included  within  a  large  one, 
also  covered,  until  the  organic  matter  is  completely  carbonized  ;  the  lids 
are  then  removed,  when  the  mass  begins  to  ignite,  and  a  mixtui-e  of 
oxide  of  lead  with  metallic  lead  results,  which  may  still  contain  uncon- 
sumed  carbon.  A  few  pieces  of  recently  fused  nitiiite  of  aniinouia  ara 
now  thrown  into  the  inner  crucible,  which  has  previously  been  if»nioved 
from  the  flame,  and  both  are  again  covered.  The  salt  fuses,  oxidizes  the 
lead,  and  'inverts  it  partly  into  nitrate.  The  whole  is  now  very  gi-ad- 
ually  x*aised  to  a  red  heat,  until  no  more  fumes  of  hyponitric  acid  escape. 
The  residuary  oxide  is  then  weighed. 

The  results  are  satisfactory. 

2.  Determination  as  Sidphide, 

Lead  may  be  completely  precipitated  from  acid,  neutral,  and  alkaline 
solutions  by  sulphuretted  hydrogen,  and  also  from  neutral  and  alkaline 
solutions  by  sulphide  of  ammonium.  Precipitation  from  acid  solution 
is  usually  employed,  especially  in  separations.  A  large  excess  of  arid 
and  also  warming  should  both  be  avoided.  The  former  is  prejudicial 
to  complete  jjrecipitation  (8  83,  e),  the  latter  may  readily  occa.s'ion  the 
re-solution  of  the  sulphide  that  has  ali-eady  been  precipitated.  In  ordei 
to  guard  against  incomplete  precipitation,  before  filtering,  teat  a  ]K)rtion 
of  the  siij)ernatant  fluid  by  mixing  with  a  relatively  large  quantity  of 
strong  sulphuretted  hydrogen  water ;  of  coui-se  the  mixture  shoultl  i-e- 
main  clear. 

After  the  sulphide  has  been  filtered  off,  washed  with  cold  water,  and 
dried,  it  is  transfeiTcd,  together  with  the  filter-ash,  to  a  porcelain  cruci- 
ble, a  little  sulphur  added,  and  ignited  in  hydrogen  till  it«  weight  Ls 
constant.  It  should  always  be  allowed  to  cool  in  a  cuiTcnt  of  the  gas, 
before  being  weighed.  As  regards  the  apparatus,  see  §  108,  2,  fig. 
47.  For  the  properties  of  the  residue,  see  §  83,  e.  The  results  are  very 
satisfactory  (H.  Rose).  The  heat  of  the  ignition  must  not  be  too  low, 
or  the  residue  will  contain  too  much  sulphur ;  nor  too  high,  or  the  sul- 
phide of  lead  will  begin  to  volatilize.*     Drying  the  precipitate  at  100° 

[*  Acoording  to  Souchat,  the  ignition  must  not  last  more  than  5-10  minut'ea, 
and  only  the  base  of  the  crucible  (to  one -fourth  its  height)  should  be  heated  tc 
redness ;  even  then  the  result  is  likely  to  fall  out  slightly  too  low.  Fres.  Zeitschrift^ 

rv.  eo.j 
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cannot  be  recommended  (§  83,  e).  If,  for  want  of  a  suitable  apparatuR 
the  ignition  in  hydrogen  cannot  be  perfonned,  the  dry  sulphide  may  bo 
converted  into  sulphate  and  then  weighed.  To  this  end  it  is  trans- 
ferred to  a  beaker,  the  filter-ash  added,  then  fuming  nitric  acid,  drop 
bj  drop,  the  vessel  being  kept  covered  with  a  glass  plate.  When  the 
oxidation  is  finished,  a  gentle  heat  is  applied  for  some  time,  and  the 
contents  of  the  beaker  are  then  poured  into  a  small  porcelain  dish,  the 
former  is  rinsed,  a  few  drops  of  sulphuric  acid  are  added,  the  mixtuie  is 
carefully  evaporated,  and  the  residue  ignited.  The  accuracy  of  the 
result  is  entirely  dependent  on  the  care  with  which  the  operation 
is  conducted.  Fuming  nitric  must  be  used,  as  directed,  for  oxidizing 
the  precipitate,  otherwise  sulphur  sepai*ates,  which,  on  waiming  with 
weaker  acid,  fuses,  and  only  oxidizes  with  extreme  slowness. 

3.  Determination  cm  Sulp!iate, 

a,  Sy  Precipitation, 

a.  Mix  the  solution  (which  should  not  be  over-dilute)  with  moder- 
ately dilute  pure  sulphuric  acid  slightly  in  excess,  and  add  to  the  mix- 
ture double  its  volume  of  spirit  of  wine ;  wait  a  few  hours,  to  allow  the 
precipitate  to  subside ;  filter,  wash  the  precipitates  with  spirit  of  wine, 
dry,  and  ignite,  after  the  method  described  in  §  53.  Though  a  careful 
operator  may  use  a  platinum  crucible,  still  a  thin  porcelain  crucible 
is  preferable.  A  small  and  thin  filter  should  be  employed,  and  the  ad- 
heriSg  sulphate  of  lead  carefully  removed  before  proceeding  to  incinera- 
tion (see  1,  a), 

3.  In  cases  where  the  addition  of  spirit  of  wine  is  inadmissible,  a 
greater  excess  of  sulphuric  acid  must  be  used,  and  the  ])recipitate, 
which  is  allowed  some  time  to  subside,  filtered,  and  washed  first  with 
water  acidulated  with  a  few  drops  of  sulphuric  acid,  then  repeatedly 
with  spirit  of  wine.  The  remainder  of  the  process  is  conducted  as 
in  a. 

For  the  properties  of  the  precipitate,  see  §  83.  The  method  a  gives 
accurate  results ;  those  obtained  by  jS  are  less  exact  (a  little  too  low), 
but  still,  however,  satisfactory,  if  the  directions  given  are  adhered  to.  If, 
on  the  contraiy,  a  proper  excess  of  sulphuric  acid  is  not  added,  in  the 
presence,  for  instance,  of  ainmoniacal  salts,  nitric  acid,  &c.,  the  lead  is 
not  completely  precipitated,  and  if  pure  water  is  used  for  washing,  de- 
cided traces  of  the  precipitate  are  dissolved. 

6.  -ffy  Evaporation, 

a.  Put  the  substance  into  a  weighed  dish,  dissolve  in  dilute  nitric 
acid,  add  moderately  dilute  pure  sulphuiic  acid  slightly  in  excess,  and 
evaporate  at  a  gentle  heat,  best  over  a  heated  iron  cup,  until  the  excess 
of  sulphuric  acid  is  completely  expelled.  In  the  absence  of  organic  sul>- 
stances,  the  evaporation  may  be  efiected  without  fear  in  a  platinum 
dish ;  but  if  organic  substances  are  pi-esent,  a  light  porcelain  dish  is  pre- 
ferable. With  due  care  in  the  process  of  evaporation,  the  results  ai-e 
perfectly  accurate. 

^  Organic  compounds  of  lead  are  converted  into  the  sulphate  by  treat- 
ing them,  in  a  porcelain  crucible,  with  pure  concentrated  sulphuric  acid  in 
ezoesB,  evaporating  cautiously  in  che  well-covered  crucible  until  tha 
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excess  of  sulphuiic  acdd  is  completely  expelled,  and  iguiting  the  residue 
Should  the  latter  not  look  perfectly  white,  it  must  be  moistened  onc€ 
more  with  sulphuric  acid,  and  the  operation  repeated.  The  method  gives, 
when  conducted  with  great  care,  accurate  results ;  a  trifling  loss  is,  how- 
ever, usually  incurred,  the  escaping  sulphurous  acid  and  carbonic  acid 
gases  being  liable  to  carry  away  traces  of  the  salt. 

4.  Determination  (u  Chromaie  of  Lead. 

If  the  solution  is  not  already  distinctly  acid,  render  it  so  with  acetic 
acid,  then  add  bichromate  of  potassa  in  excess,  and,  if  free  nitric  acid  Iiaa 
been  present,  add  acetate  of  soda  in  sufficient  quantity  to  replace  the  free 
nitric  acid  by  free  acetic  acid ;  let  the  precipitate  subside  at  a  gentle  heat, 
and  collect  on  a  weighed  iilter  dried  at  100° ;  wash  with  water,  dry  at 
100°,  and  weigh.  The  precipitate  may  also  be  ignited  according  to  §  53, 
but  in  this  case  care  must  be  taken  that  hardly  any  of  the  salt  remains 
adhering  to  the  paper,  and  that  the  heat  is  not  too  high.  For  the 
properties  of  the  precipitate,  see  §  93,  2.  The  results  are  accurate. 
(Expt.  No.  76.) 

5.  DetermifKUion  of  Lead  by  Volumetric  Analysis, 

H.  ScHWARZ^s  new  method.*  To  the  nitric  acid  solution  add  ammo- 
nia or  carbonate  of  soda,  as  long  as  the  precipitate  redissolves  on  shak- 
ing ;  mix  with  acetate  of  soda  in  not  too  small  quantity,  and  then  run  in 
from  a  burette  a  solution  of  bichromate  of  potash  (containing  14*759 
grm.  in  the  litre)  till  the  precipitate  begins  to  settle  rapidly.  Now  place 
on  a  porcelain  plate  a  number  of  drops  of  a  solution  of  neutral  nitrate 
of  silver,  and  proceed  with  the  addition  of  the  chromate,  two  or  three 
drops  at  a  time,  stirring  carefully  after  each  addition.  When  the  pre- 
cipitate has  settled  tolerably  clear,  which  takes  only  a  few  seconds,  re- 
move a  drop  of  the  supernatant  liquid  and  mix  it  with  one  of  the  drops 
of  silver  on  the  plate.  A  small  excess  of  chromate  gives  at  once  a  dis- 
tinct red  coloration ;  the  preci^^itated  chromate  of  lead  does  not  aci  on 
the  silver  solution,  but  i-emains  suspended  in  the  drop.  The  number  of 
c.  c.  of  solution  of  chromate  used  i^miniis  O'l,  which  Schwarz  deducts 
for  the  excess)  multiplied  by  0*0207= the  quantity  of  lead.  If  the  fluid 
appear  yellow  before  the  reaction  with  the  silver  salt  occurs,  acetate  of 
soda  is  wanting.  In  such  a  case,  first  add  more  acetate  of  soda,  then  I 
c.  c.  of  a  solution  containing  0*0207  lead  in  1  c.  c,  complete  the  jirocess 
in  the  usual  way,  and  deduct  1  c.  c.  from  the  quantity  of  chromate  used 
on  account  of  the  extra  lead  added.  Any  iron  present  must  be  in  the 
form  of  sesquioxide;  metals  whose  chromates  are  insoluble,  must  be 
removed  before  the  method  can  be  employed. 

§117. 

3.    SUBO^SIDE  OF   MeKCURY. 

a.  Solution, 

Suboxide  of  mercury  and  its  compound  i  may  generally  he  dissolved 
by  means  of  dilute  nitric  acid,  but  withoul  application  of  heat  if  conver- 
sion of  any  of  the  suboxide  into  oxide  is  to  be  avoided.  If  all  that  ia 
>  required  is  to  dissolve  the  mercury,  the  easiest  way  is  to  warm  the  sub- 

Btanoe  for  some  tin:o  with  nitric  acid,  then  add  hydrochloric  acid^  dr(^ 

^■— — ^— ^^— ^~^"~"^^-™^  I      ■»»  ^^^— »^»^— i^i^M^i— ^^^i^»^^  ^^_^>^— _^p>M_^>^i^ 

*  DingL  Polyt.  Jonm.  169,  284. 
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by  drop,  and  continue  the  application  of  a  moderate  heat  until  a  perfectlj^ 
clear  solution  is  produced,  which  now  contains  all  the  mercury  as  oxide 
and  chloride.  Heating  the  solution  to  boiling  must  be  carefully  avoided, 
as  otherwise  chloride  of  mercury  may  escape  with  the  steam. 

b.  Deierminatwn. 

If  it  is  impracticable  to  produce  a  solution  of  the  suboxide  or  its  com 
pounds  perfectly  fi*ee  from  oxide,  and  it  becomes  accordingly  necessary 
to  convert  the  mercury  completely  into  oxide,  the  latter  is  determined 
as  directed  §  llS.  But  if  a  solution  of  suboxide  has  been  obtained, 
quite. free  from  oxide,  the  determination  of  the  suboxide  may  be  based 
upon  the  insolubility  of  subchloride  of  mercury,  and  effected  either 
gravimetrically  or  volumetrically.  The  process  of  determining  mercury, 
described  §  118,  1,  a,  may,  of  course,  be  applied  equally  well  in  the  case 
of  compounds  of  suboxide  of  mercury. 

1.  DetermincUion  as  Subchloride  of  Mercury, 

Mix  the  cold  highly  dilute  solution  with  solution  of  chloride  of  sodium, 
as  long  as  a  precipitate  forms ;  let  the  precipitate  subside,  collect  on  a 
weighed  filter,  dry  at  100°,  and  weigh.  For  the  properties  of  the  pre- 
cipitate, see  §  84.     Results  accurate. 

If  the  solution  of  suboxide  of  mercury  contains  much  free  nitric  acid, 
the  greater  part  of  this  should  be  neutralized  with  carbonate  of  soda 
before  adding  the  chloride  of  sodium. 

2.  Volumetric  Metliods, 

Several  methods  have  been  proposed  under  this  head :  the  following 
are  those  which  are  most  worthy  of  recommendation : — 

a.  Mix  the  cold  solution  with  decinormal  solution  of  chloride  of  sodium 
(§  117,  /^),  until  this  no  longer  produces  a  precipitate,  and  is  accord- 
ingly present  in  excess ;  filter  and  wash  thoroughly,  taking  care,  however, 
to  limit  the  quantity  of  water  used ;  add  a  few  drops  of  solution  of  chro- 
mate  of  potassa,  then  pure  carbonate  of  soda,  sufficient  to  im])art  a  light 
yellow  tmt  to  the  fluid,  and  determine,  by  means  of  solution  of  nitrate 
of  silver  (8  141,5,  a),  the  quantity  of  chloride  of  sodium  in  solution, 
consequently  the  quantity  which  has  been  added  in  excess ;  this  shows, 
of  course,  also  the  amount  of  chloride  of  sodium  consumed  in  eti'ecting 
the  precipitation.  One  equivalent  of  Hg,  O  is  reckoned  for  every  equi- 
valent of  Na  CI,  consequently  for  every  c.  c.  of  the  decinormal  solution 
of  chloritle  of  sodium,  0*0208  grm.  of  suboxide  of  mercury.  As  filtering 
iwd  washing  form  indispensable  parts  of  the  process,  this  metliod  afibids 
no  great  advantage  over  the  gravimetric ;  however,  the  results  are  accu- 
rate (Fr.  Moiir  '*').  The  two  methods,  1  and  2,  a,  may  also  be  advan- 
tageously combined. 

6.  Tlie  solution  containing  the  mercury  in  the  form  of  suboxide  is 
diliited  with  enough  water,  gently  warmed,  and  solution  of  hyposulphite 
of  soda — 12*4  grms.  in  the  litre— added  (waiting  a  little  and  shaking 
vigorously  after  each  addition),  till  the  last  drop  gives  no  brown  colora- 
tion. The  subsulphide  of  mercuiy  formed  subsides  well  and  quickly, 
and  the  end  of  the  reaction  is  easy  to  perceive  (Hg^  O,  N  Og-f-Na  O,  8, 
Or=Hg,  S-f-Na  O,  S  Oa+N  O^).  Each  1  c.  c.  of  the  solution  employed 
=•0208  suboxide  of  mercury  or  '0200  mercury.    Kesults  accurate  (J.J. 

t). 


Lehrbuoh  der  Titrirmethode,  iL  68.      f  His  Lehrbuch  der  Chemie,  1,  611. 
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§  118. 

4.  Oxide  op  Mebourt. 

a.  Solution. 

Oxide  of  mercury,  and  those  of  its  compounds  wliicli  are  insoluble  is 
water,  are  dissolved,  according  to  circumstances,  in  hydi  ochloiic  acid  or 
in  nitric  acid.  Sulphide  of  niercury  is  heated  with  hytlrochloric  acid^ 
and  nitric  acid  or  chlorate  of  potassa  added  until  complete  solution  en- 
sues ;  it  is,  however,  most  readily  dissolved  by  suspending  it  in  dilute 
potassa  and  transmitting  chlorine,  at  the  same  time  gently  warming  (H. 
Rose).  When  a  solution  of  chloride  of  mercury  is  evaporated  on  the 
water-bath,  chloride  of  mercury  escapes  with  the  aqueous  vapor. 

6.  Determination. 

Mercury  may  be  weighed  in  the  metallic  state^  or  as  auhMortde,  sid- 
phidej  or  oxide  (84) ;  in  separations  it  is  sometimes  determined  as  loss  on 
Ignition.     It^may  also  be  estimated  volumetricall'y. 

The  three  first  methods  may  be  used  in  almost  all  cases ;  the  detemxi* 
nation  as  oxide,  on  the  contrary,  is  possible  only  in  compounds  of  th(t 
oxide  or  suboxide  with  nitric  acid.  The  methods  by  which  the  mei-cury 
is  determined  as  subchloride  or  sulphide  are  to  be  preferred  before  those 
in  which  it  is  separated  in  the  metallic  form.  Of  the  volumetric  methoda 
the  first  can  be  employed  in  many  cases,  while  the  second  and  third  aie 
only  of  very  limited  application. 

1.  Determination  as  Metallic  Mercury. 

a.  In  the  Dry  Way. 
The  process  is  conducted  in  the  apparatus  illustrated  by  fig.  50. 


Pig.  5a 

Take  a  tube  eighteen  inches  long,  and  about  four  lines  wide,  made  of 
difficultly  fusible  glass,  and  sealed  at  one  end.  First  put  into  the  tube  a 
mixture  of  bicarbonate  of  soda  and  powdered  chalk,  then  a  layer  of 
quick-lime ;  these  two  will  occupy  the  space  from  aio  h,  (Let  the  mix- 
ture for  generating  carbonic  acid  take  up  about  two  inches).  Then  add 
the  intimate  mixture  of  the  substance  with  an  excess  of  quick-lime  (&—<?), 
then  the  lime-rinsings  of  the  mortar  (c-</),  then  a  layer  of  quick-lime 
(<^),  and  lastly,  a  loose  stopper  of  asbestus  {'^-f)'  The  anterior  end  of 
the  tube  is  then  drawn  out,  and  bent  at  a  somew^hat  obtuse  angle.  The 
manipulations  in  the  processes  of  mixing  and  filling  being  the  same  aa 
in  organic  analysis,  they  will  be  found  in  detail  in  the  chapter  on  that 
subject. 

A  few  gentle  taps  upon  the  table  are  sufficient  to  shake  the  oontenti 
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of  the  tube  down  so  as  to  leave  a  free  passage  through  the  whole  length 
of  the  tube.  The  tube,  so  prepared  and  arranged,  is  now  placed  in  a 
combustion  furnace,  the  point  being  inserted  into  a  flask  containing 
water,  the  sur&u;e  of  which  it  should  just  touch,  so  that  the  opening  may 
be  just  closea. 

The  tube  is  now  surrounded  with  red-hot  charcoal,  in  the  same  way 
as  in  organic  analysis,  proceeding  slowly  from  6  to  a,  the  last  traces  of 
mercurial  vapor  being  expelled  by  heating  the  mixture  at  the  sealed 
end  of  the  tube.  Whilst  the  tube  still  remains  in  a  state  of  intense 
ignition,  the  neck  is  cut  off  at  f,  and  carefully  and  completely  rinsed  in- 
to the  receiving  flask,  by  means  of  a  washing-bottle.  The  small  globules 
of  mercury  which  have  distilled  over  are  united  into  a  large  one,  by  agi- 
tating the  flask,  and,  after  the  lapse  of  some  time,  the  perfectly  clear 
water  is  decanted,  and  the  mercury  poured  into  a  weighed  porcelain 
crucible,  where  the  greater  portion  of  the  water  still  adhering  to  it  is 
removed  with  blotting-paper.  The  ^mercury  is  then  finally  dried  under 
a  bell-jar,  over  concentrated  sulphuric  acid,  until  the  weight  remains 
constant.  Heat  must  not  be  applied.  For  the  properties  of  the  metal, 
see  §  84.  In  the  case  of  sulphides,  in  order  to  avoid  the  presence  of 
vapor  water  in  the  tube,  which  would  give  rise,  to  the  formation  of  sul- 
phuretted hydi-ogen,  the  mixture  of  bicarbonate  of  soda  and  chalk 
is  replaced  by  magnesite.  Iodide  of  mercury  cannot  be  completely 
decomposed  by  lime.  To  analyze  this  in  the  dry  way,  substitute  finely 
divided  metallic  copper  for  the  lime  (H.  Rose  *).  The  accuracy  of  the 
results  is  entirely  dependent  upon  the  care  bestowed.  The  most  highly 
accurate  results  are,  however,  obtained  by  the  application  of  the  s<mie- 
what  more  complicated  modification  adopted  by  Erdmann  and  Marchand 
for  the  determination  of  the  atomic  weight  of  mercury  and  of  suljihur.  For 
the  details  of  this  modified  process,  I  refer  to  the  original  est:ay,f  simply 
remarking  here,  that  the  distillation  is  conducted,  in  a  combustion-tube, 
in  a  current  of  carbonic  gas,  and  that  the  distillate  is  received  in  a 
weighed  bulb  apparatus  with  the  outer  end  filled  with  gold-leaf,  to  in- 
sure the  condensation  of  every  trace  of  mercury  vapor.  This  way  of 
receiving  and  condensing  may  be  employed  also  in  the  analysis  of 
amalgams  (Konig  ^), 

b.  In  the  Wet  Way. 

The  solution,  free  from  nitric  acid,  and  mixed  with  free  hydrochloric 
acid,  is  precipitated,  in  a  flask,  with  an  excess  of  a  clear  solution  of  proto- 
chloride  of  tin,  containing  free  hydrochloric  acid ;  the  mixture  is  boiled 
for  a  short  time,  and  then  allowed  to  cool.  After  some  time,  the  perfectly 
clear  supernatant  fluid  is  decanted  from  the  metallic  mercury,  which,  under 
favorable  circumstances,  will  be  found  united  into  one  globule  ;  if  this  is 
the  case,  the  globule  of  mercury  may  be  washed  at  once  by  docantation, 
first  with  water  acidulated  with  hydrochloric  acid,  and  finally  with  p\uo 
water ;  it  is  dried  as  in  a. 

If^  on  the  other  hand,  the  particles  of  the  mercury  have  not  united, 
their  union  in  one  globule  may  as  a  rule  be  readily  effected  by  boiling  a 
short  time  with  some  modei-ately  dilute  hydrochloric  acid  mixed  with  a 

»  Pogg.  AxmaL  110,  546. 

JJoum.  f.  prakt  Chem.  31,  385 ;  also  Pharm.  Centralbl  1844,  854. 
JToum.  f.  prakt.  Chem.  70,  64. 
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few  drops  of  protocliloride  of  tin  (having,  of  course,  previously  rentoved  by 
decantation  the  supernatant  clear  fluid).  For  the  properties  of  mc'tallic 
mercury,  see  §  84. 

Instead  of  protocliloride  of  tin,  other  reducing  agents  may  be  used, 
especially  phosphorous  acid  at  a  boiling  temperature.  This  method 
gives  accui-ate  results  only  when  conducted  with  the  greatest  care.  In 
genera],  a  little  mercury  is  lost  (Comp.  Expt.  No.  77). 

2.  Determination  as  ISubcJdoride  of  Mercury, 

(u  After  H.  Rose.*  Mix  the  solution  of  mercury,  which  may  contaip. 
nitric  acid,  with  hydrochloric  acid  and  excess  of  phosphorous  acid  (obtained 
by  the  deliquescence  of  phosphorus  in  moist  air),  allow  to  stainl  for  12 
hours  in  the  cold  or  at  a  very  gentle  heat  (at  all  events  under  00°),  collect 
the  mercury,  now  completely  separated  as  subchloride,  on  a  weighed  filter, 
wash  with  hot  water,  dry  at  100**,  and  weigh.  Kesults  i>erfectly  satis- 
factory. 

6.  Mix  the  moderately  dilute  solution  of  oxide  of  mei-cury,  which  may 
contain  nitiic  acid,  with  a  sufficient  quantity  of  cliloride  of  sodium  (if 
enough  hydrochloric  acid  is  not  ah'eady  present),  add  a  solution  of  proto- 
sulphate  of  iron  (for  1  grm.  Hg  O  at  least  3  grm.  of  the  ii'on  salt),  then 
solution  of  sotla  in  excess,  whereby  a  brownish-black  pi-ecipitate  falls, 
which  is  a  mixtui*e  of  suboxide  of  mercury  and  protosesquioxide  of 
iron  (2  Hg  O  +  3  Fe  O  =  Hg,  O  -f  Fca  O,).  Digest  with  shaking  for 
a  few  minutes,  add  dilute  sulphuric  acid  in  excess  and  allow  to  stand, 
shaking  every  now  and  then,  till  the  dark-colored  precipitate  has  tui-ned 
pure  white,  ue,  till  the  suboxide  of  mercury  is  completely  converted  into 
subchloride  by  the  free  hydrochloric  acid.  Collect  on  a  weighed  filter, 
wash,  dry  at  100°,  and  weigh.     Results  accurate  (IIempel  f). 

3.  Determination  as  Sulphide  of  3fercury. 

The  solution  is  sufficiently  diluted,  acidulated  with  hydrochloric  acid, 
and  precipitated  with  clear  saturated  sulphuretted  hydrogen  water  (or  in 
the  case  of  large  quantities,  by  passing  the  gas)  ;  filter  after  allowing  the 
precipitate  a  short  time  to  deposit,  wash  quickly  with  cold  water,  dry  at 
100°,  and  wreigh.     Results  very  satisfactoiy. 

If  from  any  cause  (e.g.  presence  of  sesquioxide  of  iron,  fi'ee  chlorine,  or 
the  like)  the  precipitate  should  contain  free  sulphur,  the  filter  is  spread 
out  on  a  glass  plate,  the  precipitate  removed  to  a  porcelain  dish  by  the  aid 
of  a  jet  from  the  wash-bottle,  and  warmed  for  some  time  with  a  modei-ately 
strong  solution  of  sulphite  of  soda.  The  filter,  having  beeu  in  the  mean 
while  somewhat  dried  on  the  glass  plate,  is  replaced  in  the  funnel,  the 
supernatant  fluid  is  poured  on  to  it,  the  treatment  with  sulphite  of  soda  is 
repeated,  and  the  j)recipitate  (now  free  from  sulphur)  is  finally  collected 
on  the  filter,  washed,  dried,  and  weighed.     Results  very  good  (J.  I^iWE  J), 

Should  the  quantity  of  sulphur  mixed  with  the  preci))itate  be  not  very 
large,  it  may  be  removed  also  as  follows :  the  precipitate  is  first  washed 
with  water,  then  twice  with  strong  alcohol,  then  repeatedly  with  bisul- 
phide of  carbon,  till  a  few  drops  of  the  washings  evaporate  on  a  watch- 

^ 1^  II  — — ^— -_ ■ ""^MI^MiM^I^L- 

♦  Pogg.  Annal.  IfO,  529. 

JAnnal.  d.  Chem.  u.  Pharm.  107,  07  :  and  110, 177. 
Joum.  f .  prakt.  Chem.  77,  73. 
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glass  without  leaTing  a  residue.     (The  precipitate  is  retained  on  the  filter 
throughout  this  operation.) 

Properties  of  the  sulphide  of  mercury,  §  84. 

4.  DetermincUion  as  Oxide. 

In  the  salts  of  the  oxides  of  mercury,  with  nitrogen  acids,  the  metal 
may  be  very  conveniently  determined  in  the  form  of  oxide  (Marignac  *). 
for  this  purpose,  the  salt  is  heated  in  a  bulb-tube,  of  which  the  one  end, 
drawn  out  to  a  point,  dips  under  water,  the  other  end  being  connected 
"with  a  gasometer,  by  means  of  which  dry  air  is  transmitted  through  the 
tube,  as  long  as  the  application  of  heat  is  continued.  In  this  way  com- 
plete decomposition  of  the  salt  is  readily  effected,  without  reaching  the 
temperature  at  which  the  oxide  itself  would  be  decomposed. 

5.  Volumetric  Methods, 

After  J.  J.  ScHER£R.f  The  nitrate  or  chloride  of  mercury  may  be 
directly  determined  with  hyposulphite  of  soda.  The  reactions  are  as 
follows:  3(HgO,N05)  -h  2  (NaO,S,0, )  =  (2  HgS  +  HgOjNO^)  +2 
(NaO,S03)  +  2N06and3HgCl  +  2  (NaO,S,Oa)  +  2H  0  =  (2  Hg 
S,  Hg  CI)  -f-  2  (Na  O,  SO,)  +  2  H  CI.  The  process  is  conducted  as  follows 
in  the  case  of  nitrate  of  mercury  :  Mix  the  highly  dilute  solution  with  a 
little  free  nitric  acid  in  a  tall  glass  and  add  di'op  by  drop  solution  of  hjrpo- 
Btilphite  of  soda — 12*4  grm.  in  a  litre.  Each  drop  produces  an  intense 
yellow  cloud,  which  on  shaking  quickly  subsides  in  the  form  of  a  heavy 
fiocculent  precipitate  (2  Hg  S  4-  Hg  O,  N  O^,  In  order  to  distinguish 
clearly  the  exact  end  of  the  reaction,  Scherer  reconmiends  to  transfer 
the  fluft  towards  the  end  to  a  measuring  flask,  to  take  out  ^  or  ^  of  the 
clear  fluid  and  to  finish  with  this.  The  portion  of  hyposulphite  last  used 
is  multiplied  by  3  or  2,  as  the  case  may  be,  and  added  to  the  quantity 
first  used.  1  c.  c.  of  the  solution  con*esponds  to  '015  mercury,  or  '0102 
oxide  of  mercury.  The  relation  is  not  changed  even  when  the  fluid  con- 
tains another  acid  (sulphuric,  phosphoric). 

In  the  case  of  chloride  of  mercury,  the  highly  dilute  solution  is  mixed 
"with  a  little  hydrochloric  acid  and  warmed,  nearly  to  boiling,  before 
beginning  to  add  the  hyposulphite  of  soda.  At  first  a  white  turbidity  is 
formed,  then  the  precipitate  separates  in  thick  flocks.  When  the  solution 
begins  to  appear  transparent,  the  precipitant  is  added  more  slowly.  In 
order  to  hit  the  end  of  the  reaction  exactly,  small  portions  must  be  filtered 
off  towards  the  close.  The  precipitate  must  be  completely  white  ;  if  too 
much  hyposulphite  has  been  added,  it  is  gray  or  blackish,  and  the  experi- 
ment must  be  repeated.  Scherer  obtained  very  accurate  results.  Of 
course  no  other  metals  must  be  present  that  exert  a  decomposing  action 
on  hyposulphite  of  soda. 

§119. 
5.  Oxide  of  Copper. 

a.  Solution, 

Metallic  copper  is  best  dissolved  in  nitric  acid.  Oxide  of  copper,  and 
those  of  its  salts  which  are  insoluble  in  water,  may  be  dissolved  in  nitric, 
bydrochloric,  or  sulphuric  acid.     Sulphide  of  copper  is  tn^ated  with 

*  Jahresber.  von  Liebig  n.  Kopp,  1849,  594. 
f  His  Lehrbuch  der  Chemie,  i.  5id. 
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filming  nitiic  acid,  or  it  is  heated  with  moderately  dilute  nitric  acid, 
until  the  separated  sulphur  exhibits  a  pure  yellow  tint ;  addition  of  a 
little  hydrochloric  acid  or  chlorate  of  potassa  greatly  promotes  the  action 
of  the  dilute  acid.     [Native  sulphides  are  easily  decomposed  by  a  mix 
ture  of  strong  nitric  and  sulphuiic  acids.] 

b.  J)etermin(Uion, 

Copper  may  be  weighed  in  the  form  of  oxide,  or  in  the  metallic  stai^ 
or  as  iubstUphide  (§  85).  Into  the  form  of  oxide  it  is  converted  by  pre- 
cipitation or  ignition,  sometimes  with  previous  precipitation  as  sulphide. 
The  determination  as  subsulphide  is  preceded  usually  by  precipitation 
either  as  sulphide  or  as  sulphocyanide.  Copper  may  be  deteimined  also 
by  various  volumetric  and  indirect  methods. 

We  may  convert  into 

1.  Oxide  op  Copper. 

a,  Sy  direct  Precipitation  as  Oocide. 

All  salts  of  oxide  of  copper  soluble  in  water,  and  also  those  of  the  in- 
soluble salts,  the  acids  of  which  may  be  removed  upon  solution  in  nitric 
acid,  provided  no  non-volatile  organic  substances  be  present. 

b,  Sy  Precipitation,  preceded  by  Ignition  of  tlie  Compound, 

Such  of  the  salte  enumerated  s\ib  a  as  contain  a  non-volatile  organic 
substance,  thus  more  particularly  salts  of  copper  with  non-volatile  organic 
acids. 

c  Py  Precipitation  as  Sul2:>hide  of  Copper,  ^ 

All  compounds  of  copper  without  exception. 

d,  Py  Ignition, 

Salts  of  copper  with  oxygen  acids  that  are  readily  volatile  or  decom- 
posable at  a  high  temperature  (carbonate  of  copper,  nitrate  of  copper). 

2.  Metallic  Copper. 

Oxide  of  copper  in  all  solutions  free  from  other  metals  precipitable  by 
zinc. 

3.  Subsulphide  op  Copper. 

Oxide  of  copper  in  all  cases  in  which  no  other  metals  are  present  that 
ai*e  precipitable  by  sulphuretted  hydrogen,  hyposulphite  of  soda,  or  sul- 
phocyanide of  potassium. 

Of  the  methods  of  estimating  copper,  I  prefer — in  all  cases  where  the 
choice  is  left  free  and  where  precipitation  cannot  be  avoided — method 
2,  as  the  process  is  more  rapidly  performed  than  is  the  case  with  method 
1,  while  the  results  ai*e,  at  least,  equally  accui*ate.  Method  3  finds  ap- 
plication chiefly  in  separations  of  copper  from  other  metals,  and  is,  as 
now  carried  out,  very  exact  and  convenient.  The  volumetric  methods 
are  especially  adapted  for  technical  purposes,  but  they  are  inferior  to 
method  2  in  simj^licity  and  accuracy. 

1.  Petermination  as  Oxide  of  Copper. 
n.  Py  direct  Precipitation  as  Oxide. 

a.  From  Neutral  or  Add  Solutions, 
Heat  the  rather  dilute  solution  in  a  platinum  or  porcelain  dish,  to  i 
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cipieut  ebuUitioQ,  add  a  somewhat  dilute  solution  of  pure  soda  or  pottissa 
until  tlie  formation  of  a  precipitate  ceases,  and  keep  the  mixtui'e  a  few 
minutes  longer  at  a  temperature  near  boiling.  Allow  to  subside,  filter 
off  the  fluid,  wash  the  precipitate  bj  decantation  twice  or  thrice,  boiling 
up  each  time,  then  collect  it  on  ^e  Alter,  wash  thoroughly  with  hot 
•water,  dry,  and  ignite  in  a  platinum  ciiicible,  as  directed  §  53.  After 
intense  ignition,  and  having  added  the  ash  of  the  filter,  let  the  crucible 
cool  in  the  desiccator,  and  weigh.  The  action  of  reducing  gases  must  be 
carefully  guarded  against  in  the  process  of  ignition. 

It  will  sometimes  happen,  though  mostly  from  want  of  proper  atten- 
tion to  the  directions  here  given,  that  particles  of  the  oxide  of  copper 
adhere  so  tenaciously  to  the  dish  as  to  be  mechanically  irremovable.  In 
a  case  of  this  kind,  after  washing  the  dish  thoroughly,  dissolve  the  ad- 
hering particles  with  a  few  drops  of  nitric  acid,  and  evaporate  the  solu- 
tion over  the  principal  mass  of  the  precipitated  oxide,  before  you  proceed 
to  ignite  the  latter.  Should  the  solution  be  rather  copious,  it  must  first 
be  concentrated  by  evaporation,  until  only  very  little  of  it  is  left.  For 
the  properties  of  the  precipitate,  see  §  85. 

With  proper  attention  to  the  directions  here  given,  the  results  obtained 
by  this  method  are  quite  accurate,  otherwise  they  may  be  either  too  high 
or  too  low.  Thus,  if  the  solution  be  not  sufficiently  dilute,  the  precipi- 
tant will  fail  to  throw  down  the  whole  of  the  oxide  of  copper ;  or,  if  the 
precipitate  be  not  thoroughly  washed  with  hot  water,  it  will  retain  a  por- 
tion of  the  alkali ;  or,  if  the  ignited  precipitate  be  allowed  to  stand  ex- 
posed to  the  air,  before  it  is  weighed,  an  increase  of  weight  will  be  the 
result ;  and  so,  on  the  other  hand,  a  diminution  of  weight,  if  the  oxide 
be  ignited  with  the  filter  or  under  the  influence  of  reducing  gases,  as 
thereby  suboxide  would  be  formed.  Should  a  portion  of  the  oxide  have 
suffered  reduction,  it  must  be  reoxidized  by  moistening  with  nitric  acid, 
evaporating  cautiously  to  dryness,  and  exposing  the  residue  to  a  gentle 
heat,  increasing  this  gradually  to  a  high  degree  of  intensity. 

Let  it  be  an  invariable  rule  to  test  the  filtrate  for  copper  with  sulphu- 
retted hydrogen  water.  I^  notwithstanding  the  strictest  compliance 
with  the  directions  here  given,  the  addition  of  this  reagent  produces  a 
precipitate,  or  imparts  a  brown  tint  to  the  fluid,  this  is  to  be  attributed 
to  the  presence  of  organic  matter ;  in  that  case,  concentrate  the  filtrate 
and  wash-water  by  evaporation,  acidify,  precipitate  with  sulphuretted 
hydrogen  water,  treat  the  precipitated  sulphide  as  directed  in  c,  and  add 
the  oxide  obtained  to  the  first  precipitate  in  the  filter.  It  is  also  highly 
advisable  not  to  neglect  dissolving  the  oxide  of  copper,  after  weighing, 
in  hydrochloric  acid,  in  order  to  detect,  and,  if  necessary,  estimate,  any 
ailicic  acid  which  might  be  present. 

/3.  From  Alkaline  Soluttone. 

From  ammoniacal  solutions  also,  oxide  of  copper  may  be  precipitMed 
by  soda  or  potassa.  In  the  main,  the  process  is  conducted  as  in  a.  A  fter 
precipitatiop  the  mixture  is  heated,  until  the  supernatant  fluid  has  be- 
come perfectly  colorless ;  the  fluid  is  then  filtered  off  with  the  greatest 
possible  expedition.  If  allowed  to  cool  with  the  precipitate  in  it  a  small 
portion  of  the  latter  would  redissolve. 

&  JBy  I^ecipi4ation  as  Oxide^  preceded  by  Ignition  of  Uie  Substance, 
Efeat  Uie  substance  in  a  porcelain  crucible,  until  the  organic  matter 
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present  is  totally  destroyed ;  dissolve  tlie  residue  in  dilute  nitric  acid| 
filter,  if  necessary,  and  treat  the  clear  solution  as  directed  in  a^  a. 

c.  By  Precipitation  as  Sulphide  of  Copper. 

Precipitate  the  solution — which  is  best  neutral,  or  slightly  acid,  but 
should  not  contain  a  great  exo«ss  of  nitric  acid — according  to  the  quan- 
tity of  copper  present,  either  by  the  addition  of  strong  sulphuretted  hy- 
drogen water,  or  by  passing  the  gas.  When  the  precipitate  has  fully 
subsided,  and  you  have  made  sure  that  the  supernatant  fluid  is  no  longer 
colored  or  precipitated  by  strong  stUpkurettecl  hydrogen  waier,  filter  off 
quickly,  wash  the  precipitate  without  intermission  with  wator  contain- 
iug  sulphuretted  hydrogen  (to  pi*event  oxidation),*  and  dry  on  the  filter 
with  some  expedition  ;  transfer  the  dried  precipitate  to  a  beaker,  incine- 
rate the  filter  in  a  small  porcelain  dish,  add  the  ash  to  the  precipitate^ 
treat  with  moderately  dilute  nitric  acid,  add  some  hydrochloric  acid,  and 
heat  gently  until  the  separated  sulphur  appears  of  a  pure  yellow  color ; 
dilute  now  with  water,  filter,  and  precipitate  as  directed  in  a. 

Instead  of  precipitating  the  copper,  as  sulphide,  with  hydrosul- 
phuric  acid,  or  an  alkaline  sulphide,  it  may  also  be  precipitat-ed  with 
hyposulphite  of  soda.  To  this  end,  the  solution  of  copper  (which,  if  ne- 
cessary, must  be  freed  as  far  as  practicable  firom  hydrochloric  acid  and 
nitric  acid,  by  evaporation  with  sulphuric  acid)  is  sufliciently  diluted, 
heated  to  boiling,  and  mixed  with  a  solution  of  hyposulphite  of  soda,  as 
long  as  a  black  precipitate  forms.  As  soon  as  this  has  subsided,  leaving 
only  suspended  sulphur  in  the  supernatant  fluid,  the  precipitation  of 
the  copper  is  complete.  The  precipitate  is  subsulphide  of  copper  (Cu, 
S) ;  it  may  easily  be  washed  without  risk  of  oxidation  (FlajolotI). 
It  is  finally  converted  into  oxide  as  directed  in  1,  a. 

Instead  of  converting  the  sulphide  or  subsulphide  of  copper  into  ox- 
ide, I  always  prefer  to  weigh  them  as  subsulphide,  see  3. 

d.  By  Ignition, 

The  salt  is  put  into  a  platinum  or  porcelain  crucible,  and  exposed  to 
a  very  gentle  heat,  which  is  gradually  increased  to  intense  redness ;  the 
residue  is  then  weighed. 

As  nitrate  of  copper  spirts  strongly  when  ignited,  it  is  always  advisa- 
ble to  put  it  into  a  small  covered  platinum  crucible,  and  to  place  the 
latter  in  a  large  one,  also  covered.  With  proper  care,  the  results  are 
accurate.  Copper  salts  with  organic  acids  may  also  be  converted  into 
oxide  by  simple  ignition.  To  this  end,  the  residue  first  obtained,  which 
contains  suboxide,  is  completely  oxidized,  by  repeated  moistening  with 
nitric  acid,  and  ignition.  However,  a  loss  of  substance  is  generally  in- 
curred in  this  process,  from  the  difficulty  of  avoiding  spirting. 

2.  Determination  cte  Metallic  Copper.^ 

a,  JSy  JPrecipitation  toith  Zinc, 

Introduce  the  solution  of  copper,  after  having,  if  required,  first  freed 

[*  Mobr  finds  that  sulphide  of  copper,  when  precipitated  at  a  boiling  heat  b> 
HS  from  solution  of  the  sulphate,  does  not  oxidize  by  ei^sure  to  the  airj  and 
washes  easily.] 

{Joum.  f.  prakt.  Chem.  61,  105. 
The  method  of  precipitating  oopper  by  iron  or  zinc,  and  weighing  it  in  the 
metallic  form,  was  proposed  long  ago ;   see  PfaflTs  Handbuch  der  analytiflchQii 
Qhemiei  Altona,  ISSSS,  Bd.  2,  Seite  269,  where  the  reasons  are  giFen  for  piefer- 
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it  from  nitric  acid,  by  evaporaiion  with  hydrochloric  acid  or  sulphuric 
acid,  into  a  weighed  platinum  dish;  dilute,  if  necessary,  with  some 
Water,  throw  in  a  piece  of  zinc,  soluble  in  hydrochloric  acid  without 
residue,  and  add,  if  necessary,  hydrochloric  acid  in  sufficient  quantity  to 
produce  a  moderate  evolution  of  hydrogen.  If,  on  the  other  hand,  thie 
evolution  should  be  too  brisk,  owing  to  too  large  excess  of  acid,  add  a 
little  water.  Cover  the  dish  with  a  watch-glaas,  which  is  afterwards 
rinsed  into  the  dish  with  the  aid  of  a  washing-bottle.  The  separation 
of  the  copper  begins  immediately ;  a  large  proportion  of  it  is  deposited 
on  the  platinum  in  form  of  a  solid  coating ;  another  portion  separates, 
more  particularly  from  concentrated  solutions,  in  the  form  of  red  spongy 
masses.  Application  of  heat,  though  it  promotes  the  reaction,  is  not  ab- 
solutely necessary ;  but  there  must  always  be  sufficient  free  acid  present 
to  keep  up  the  evolution  of  hydrogen.  After  the  lapse  of  about  an  hour 
or  two,  the  whole  of  the  copper  has  separated.  To  make  sure  of  this, 
test  a  small  portion  of  the  supernatant  fluid  with  sulphuretted  hydrogen 
water  ;  if  this  fSdls  to  impart  a  brown  tint  to  it,  you  may  safely  assume 
that  the  precipitation  of  the  copper  is  complete.  Ascertain  now,  also, 
whether  the  zinc  is  entirely  dissolved,  by  feeling  about  for  any  hard 
lumps  with  a  glass  rod,  and  observing  whether  renewed  evolution  of 
hydrogen  will  take  place  upon  addition  of  hydrochloric  acid.  If  the 
results  are  satisfactory  in  this  respect  also,  press  the  copper  together 
with  a  glass  rod,  decant  the  clear  fluid,  which  is  an  easy  operation,  pour, 
without  loss  of  time,  boiling  water  into  the  dish,  decant  again,  and  repeat 
this  operation  until  the  washings  are  quite  free  from  hydrochloric  acid. 
Decant  the  water  now  as  far  as  practicable,  rinse  the  dish  with  strong 
alcohol,  place  in  the  water-bath,  and,  when  the  copper  is  perfectly  dry, 
let  it  cool,  and  weigh.  If  you  have  no  platinum  dish,  the  precipitation 
may  be  eifected  also  in  a  porcelain  crucible  or  glass  dish  ;  but  it  will,  in 
that  case,  take  a  longer  time,  owing  to  the  absence  of  the  galvanic  antag- 
onism between  platinum  and  zinc ;  and  the  whole  of  the  copper  will  be 
obtained  in  loose  masses,  and  not  flrmly  adhering  to  the  sides  of  the  cruci- 
ble or  dish,  as  in  the  case  of  precipitation  in  platinum  vessels. 

The  results  are  very  accurate.  The  direct  experiment,  No.  78,  gave 
100-0  and  lOO'OG,  instead  of  100.  Fr.  Mohr  {loc,  cit,)  obtained  equally 
Bati8fiEu;tory  results  by  precipitating  in  a  porcelain  crucible.* 

b,  Hy  Precipitation  with  a  Ifi/pophosphite. 

The  rather  concentrated  solution  in  sulphuric  acid  (chlorine  and 
nitric  acid  must  not  be  present)  is  treated  with  excess  of  a  solution  of  a 
hypophot<phite  in  the  cold,  and  then  gradually  warmed  on  the  water-bath 
to  80**-9i*®.  The  copper  shortly  separates  in  coherent  masses  of  hydride 
of  coppei.  When  the  precipitation  is  complete,  as  may  be  ascertained 
by  means  of  sulphuretted  hydrogen,  or  other  appropriate  test,  the  pre- 
cipitate ii  washed  with  hot  water  by  decantation,  transferred  to  a  ]>orce- 
lain  crucible,  as  described  on  p.  207,  and,  after  di-ying,  ignited  and  cooled 
in  a  stream  of  hydrogen  gas  (fig.  47,  p.  181),  or  it  is  collected  on  a  filter, 

xinj^  sine  at  a  precipitant^  and  snlphuretted  hydrogen  is  recommended  as  a  test 
for  asoertaining  whether  the  precipitation  is  complete.  I  mention  this  witb 
reference  to  Fr.  Mohr^s  paper  in  the  AnnaL  d.  Chem.  u.  Pharm.  96,  215,  and 
Bodemann^B  Frobirkunst  von  Eerl,  Seite  320. 

*  Storer  (On  the  alloys  of  copper  and  ssinc,  Cambridge,  1860,  p.  47)  says  that 
Ibe  prodpitated  copper  retains  water,  bat  I  have  not  found  this  to  be  the  case 
(See  Ezpt.  No.  79). 
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and,  after  calcination,  weighed  in  a  close  crucible  as  oxide.     Resulte 
very  accurate  (Gibbs  *). 

3.  Determination  as  SuhstUphide  of  Copper, 

a.  Sy  JPredpi-tation  as  Sulphide, — ^Precipitate  the  copper  as  in  1,  Cj 
dry,  transfer  to  a  porcelain  crucible,  add  the  filter-ash  and  some  pui'€ 
])owdered  sulphur  and  ignite  strongly  in  a  stream  of  hydrogen  (§  108, 
tig.  47).  It  is  advisable  to  use  a  gas  blast-lamp.  The  results  are  vei'y 
accurate  (H.  Rose  f). 

b.  By  Precipitation  as  Substdpkocyanide,  after  Rivot.  J — ^The  solu- 
tion should  be  as  free  as  possible  from  nitric  acid  and  free  chlorine,  anil 
not  too  acid.  Add  sulphurous  or  hypophosphorous  acid  in  sufficient 
quantity,  and  then  solution  of  sulphocyanide  of  }K)tassium.  The  copper 
precipitates  as  white  subsulphocyanide.  It  is  filtered  after  standing 
some  time,  washed  and  dried,  mixed  with  sulphur,  ignited  in  hydrogen  in 
the  apparatus  alluded  to  in  a,  and  this  ignition  wiUi  sulphur  is  repeated 
till  the  weight  is  constant.  The  precipitate  may  also  be  collect^  on  a 
weighed  filter,  c^ied  at  100°,  and  then  weighed.  The  experiment,  No- 
80,  conducted  in  the  latter  way,  gave  99*66  instead  of  100. 

c.  Oxide  and  suboxide  of  copper,  sulphate,  and  many  other  salts  of 
copper  may  be  directly  convei*ted  into  subsulphide,  by  mixing  with  sul- 
phur and  igniting  in  hydrogen  as  in  a  (H.  Rose,  loc,  dt,).  The  results  are 
thoroughly  satisfactory. 

4.  Volumetric  Methods, 

Of  the  numerous  proposals  under  this  head,  the  following  are  the  best. 

a,  De  Haen's  Method.§ 

I  recommend  this  method,  which  was  devised  in  my  own  laboratory,! 
as  moi*e  especially  applicable  in  cases  where  small  quantities  of  copper  are 
to  be  estimated  in  an  expeditious  way.  The  method  is  based  upon  the 
fact  that,  when  a  salt  of  oxide  of  copper  in  solution  is  mixed  with  iodide 
of  potassium  in  excess,  subiodide  of  copper  and  free  iodine  are  formed, 
the  latter  remaining  dissolved  in  the  solution  of  iodide  of  potassium :  2 
(CuO,  S  0:,)-|-2  K  I=Cu,  I-f-2  (K  O,  S  0,)4-I.  Now,  by  estimating 
the  iodine  by  Bunsen's  method,  or  with  hyposulphite  of  soda  (§  146), 
we  learn  the  quantity  of  coi>per,  as  1  eq.  iodine  (127)  cori^esjionds  to  2 
eq.  copper  (6 3" 4).  The  following  is  the  most  convenient  way  of  pro- 
ceeding. Dissolve  the  compound  of  copper  in  sulphuric  acid,  best  to  a 
neutral  solution;  a  moderates  «^xcess  of  free  sulphuric  acid,  however, 
does  not  injuriously  affect  the  process.  Dilute  the  solution,  in  a  measur- 
ing flask,  to  a  definite  volume ;  100  c.  c.  should  contain  from  1  to  2  grmsu 
oxide  of  copper.  Introduce  now  about  1 0  c.  c.  of  iodide  of  ]>otassium  so* 
lution  (1  iodide  of  potassium  in  10  water)  into  a  large  beaker,  add  10  c.  c. 
of  the  copper  solution,  mix,  and  then  proceed  without  delay  to  determine 

♦  Am.  Joum.  Sci.  2d  Ser.  xliv.  210. 

f  Compt  rend.  88,  868 ;   Joom.  f.  prakt  Chem.  62,  252. 

i  Pogg.  Annal.  110,  138. 

i\  Annal  d.  Chem.  u.  Pharm.  01,  237. 
I  Brown  (Quart  Joom.  of  the  Chem  Soo.  x.  65),  who  published  this  aa  a  imw 
method  in  1857,  must  have  been  ignorant  of  its  previous  publication  in  1854. 
The  little  variation,  too,  of  determining  the  iodine  with  hy  poBulphite  of  soda  (ao- 
pording  to  Scbwarz)  instead  of  with  sulphurous  add  (according  to  Bunsen). 
may  be  found  in  Mohr'a  Lehrbuch  der  Titrirmethode,  i  887  (1855; 
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the  separated  iodine  by  means  of  hTposulphite  of  soda  (§  146).  It  ia 
scarcely  necessary  to  mention  that  the  copper  solution  must  be  free 
from  sesquioxide  of  iron  and  other  bodies  which  decompose  iodide 
of  potassium,  also  free  nitric  acid,  and  free  hydrochloric  acid.  With 
strict  attention  to  these  rules,  the  results  are  accurate.  De  Haex 
obtained,  for  instance,  0*3567  instead  of  0*3566  of  sulphate  of  copper, 
99*89  and  100*1  instead  of  100  of  metallic  copper.  Further  experi- 
ments (No.  81)  have  convinced  me,  however,  that,  though  the  results 
attainable  by  this  method  are  satisfactory,  they  are  not  always  quite  so 
accurate  as  would  be  supposed  from  the  above  figures  given  by  De  Haen. 
Acting  upon  Fr.  Mohr^s  suggestion,  I  tried  to  counteract  the  injurious 
influence  of  the  presence  of  nitric  acid,  by  adding  to  the  solution  con- 
taining nitric  acid  first  ammonia  in  excess,  then  hydrochloric  acid  to 
slight  excess ;  the  result  was  by  no  means  satisfactory.  The  reason  of 
this  is  that  a  solution  of  nitrate  of  ammonia,  mixed  with  some  hydro- 
chloric acid,  will,  even  after  a  short  time,  begin  to  liberate  iodine  from 
solution  of  iodide  of  potassium. 

b,  Carl  Mohr^s  Method  ;  H.  Fleck's  Modification.* 

The  proposal  to  take  the  action  of  solution  of  cyanide  of  potassium  on 
ammoniacal  solution  of  copper  as  the  foundation  of  a  method  for  estima- 
ting copper  is  due  to  Carl  MoHR.f 

The  azure-blue  color  disappears,  Cu,  Cy,  N  H4  Cy  and  K  O  are  formed, 
while  1  eq.  cyanogen  is  separated,  which,  acting  on  the  free  ammonia, 
gives  urea,  oxalate  of  urea,  cyanide  of  ammonium  and  formiate  of  ammo- 
nia (Liebio  I). 

The  decomposition  is  not  always  the  same,  the  quantity  and  degree  of 
concentration  of  the  ammonia  has  a  marked  influence  on  it,  comp.  Liebig 
{loc*  cU.)y  also  my  own  experiments  (No.  82,  a),  from  which  it  appears  that 
neutral  ammonia  salts  also  afiect  the  results. 

Fleck  {he.  cit,)  proposes  the  following  modification : — 

Instead  of  caustic  ammonia  use  a  solution  of  sesquicarbonate  of  ammo- 
nia (1  in  10),  warm  the  mixture  to  about  60°,  and  in  order  to  render  the 
end-reaction  plainer  add  2  drops  of  solution  of  ferrocyanide  of  potassium 
(1  in  20) ;  the  blue  color  of  the  solution  is  not  altered  by  this  addition,  nor 
is  its  clearness  affected.  The  value  of  the  cyanide  of  potassium  solution 
is  first  determined,  by  means  of  copper  solution  of  known  strength,  and 
it  is  then  employed  on  the  copper  solution  to  be  examined.  On  dropping 
the  cyanide  of  potassium  into  the  blue  solution  warmed  to  60°,  the  odor 
of  cyanogen  is  plainly  perceptible,  and  the  color  gradually  disappeai"s. 
As  soon  as  the  ammoniacal  double  salt  of  copper  is  destroyed,  the  solution 
becomes  red  from  the  formation  of  ferrocyanide  of  copper,  without  any 
precipitate  appearing,  and  with  the  addition  of  a  fiinal  drop  of  cyanide 
of  potassium  this  red  color  in  its  turn  vanishes,  so  that  the  fluid  now  ap- 
pears quite  colorless.    * 

The  method  thus  modified  yields,  it  is  true,  better,  but  still  only  ap- 
proximate, re8ults.§  Where  such  are  good  enough,  the  method  is  certainly 

•  Polytechn.  Centralbl  1859,  1318. 

f  Amunl.  d.  Ghem.  u.  Pharm.  04, 198  ;  Fr.  Mohr's  Lehrbuch  der  Titrirmethode, 
8.91. 

t  AnnaL  d.  Ghem.  n.  Pharm.  95,  118.     * 

g  In  six  experiments,  in  which  he  had  purposely  added  different  quantities  of 
•arbonate  of  ammonia.  Fleck  used  for  100  c.  c.  copper  solution,  in  the  minimuni 
16*2,  in  the  Tnaximnm  15  '75,  in  the  mean  15 '46  c.  c.  cyanide  of  potassium  solution. 
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conTenient.  I  lutTe  found  that  the  presence  of  ammonia  salts  is  here  also 
not  without  influence  (Expt.  No.  82,  h) ;  on  this  account  the  method  seemp 
to  he  applicahle  only,  if  ihe  standardizing  of  the  cyanide  of  potassiun* 
and  the  actual  analyses  are  performed  under  veiy  similar  circumBtanoea 

§  120. 

,  6.  Teroxide  of  Bismuth. 

a.  Solution, 

Metallic  bismuth,  the  teroxide,  and  all  other  compounds  of  that  metal, 
are  dissolved  best  in  nitric  acid,  more  or  less  diluted.  It  mnst  be  borne 
in  mind  that  hydrochloric  acid  solutions  of  bismuth,  if  concentrated, 
cannot  be  evaporated  without  loss  of  chloride  of  bismuth. 

h.  Determination. 

Bismuth  is  weighed  in  the  form  of  teroxide,  of  chromate,  of  tntiphiJe^ 
or  in  the  metallic  stcUe,  The  compounds  of  bismuth  are  converted  into 
teroxide  by  ignition,  by  precipitation  as  basic  carbonate,  or  by  repeated 
evaporation  of  the  nitrate  solution.  These  are  sometimes  preceded  by 
separation  as  sulphide.  The  determination  as  metallic  bismuth  is  fre- 
quently preceded  by  precipitation  as  sulphide  or  as  basic  chloride. 

We  may  convert  into 

1.  Teroxide  op  Bismuth. 

a.  liy  Precipitation  as  Carbonate  of  Terosdde  of  SisnwAk, 

All  compounds  of  bismuth  which  dissolve  in  nitric  acid  to  niti-at'^^  «ttc 
other  acid  remaining  in  the  solution. 

6.  Hy  Ignition, 

a.  Salts  of  bismuth  with  readily  volatile  oxygen  acids. 
0.  Salts  of  bismuth  with  organic  acids. 

c.  Hy  JEJvaporcUion. 
Bismuth  in  nitric  acid  solution. 

d.  Hy  Precipitation  as  Tersulphide  of  Sism/ath, 
All  compounils  of  bismuth  without  exception. 

2.  Chromate  of  Teroxide  of  Bismuth. 
All  compounds  named  in  1,  a. 

3.  Sulphide  of  Bismuth. 
The  compounds  of  bismuth  without  exception. 

4.  Basic  Chloride  of  Bismuth. 
All  compounds  of  bismuth. 

5.  Metallic  Bismuth. 
The  oxide  and  its  salts,  the  su}phide«  and  the  basic  chloiich. 
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1.  Determination  of  Bismuth  as  Teroxide. 

a,  Sy  Precipitation  as  Ca/rhonateof  Teroxide  of  Bis^mtth, 

Mix  the  solution  of  bismuth  with  carbonate  of  ammonia  in  very  slight 
excess,  and  heat  for  some  time  nearly  to  boiling ;  filter,  dry  the  preciju- 
tate,  and  ignite  in  the  manner  directed  §  116,  1  (Ignition  of  carbonate  of 
lead) ;  the  process  of  ignition  serves  to  convert  the  carbonate  into  the 
pure  teroxide  of  bismuth.  Should  the  solution  be  too  concentrated,  dilute 
with  water,  previously  to  the  addition  of  carbonate  of  ammonia ;  whether 
the  dilution  leads  to  the  precipitation  of  basic  nitrate  of  bismuth  or  not, 
is  a  matter  of  perfect  indifference.  For  the  properties  of  the  precipitate 
and  residue,  see  §  86. 

The  method  gives  accurate  results,  though  generally  a  trifle  too  low, 
owing  to  the  circumstance  that  carbonate  of  teroxide  of  bismuth  is  not 
absolutely  insoluble  in  carbonate  of  ammonia. 

Were  you  to  attempt  to  precipitate  bismuth,  by  means  of  carbonate  of 
ammonia,  from  solutions  containing  sulphuric  acid  or  hydrochloric  acid, 
you  would  obtain  incorrect  results,  since  with  the  basic  carbonate, 
basic  sulphate  or  basic  chloride  would  be  precipitated,  which  are  not 
deoomnosed  by  excess  of  carbonate  of  ammonia.  Were  you  to  filter 
off  the  precipitate  without  warming,  a  considerable  loss  would  be  sus- 
tained, as  the  whole  of  the  basic  carbonate  would  not  have  been  separated 
(Expt  No.  83). 

h.  By  Ignition, 

OL,  Compounds  like  the  carbonate  or  nitrate  of  teroxide  of  bismuth  ai^e 
ignited  in  a  porcelain  crucible  until  their  weight  remains  constant. 

3.  Compounds  of  teroxide  of  bismuth  with  organic  ^ids  are  treated 
lilre  the  corresponding  compounds  of  oxide  of  copper  (§  119,  1,  d), 

c.  By  Evaporation. 

The  solution  of  the  nitrate  is  evaporated,  in  a  porcelain  dish  on  the 
^ater-bath,  till  the  neutral  salt  remains  in  syrupy  solution  ; — add  water, 
loosen  the  white  crust  that  is  fonned  with  a  glass  rod  fi*om  the  sides,  eva- 
porate again  on  a  water-bath,  reprecipitate  with  water,  and  rej)eat  the 
whole  operation  three  or  four  times.  After  the  dry  mass  on  the  water- 
bath  has  ceased  to  smell  of  nitric  acid,  it.  is  allowed  to  cool  thoroughly, 
and  then  treated  with  cold  water  containing  a  little  nitrate  of  ammonia 
(1  in  500) ;  after  the  residue  and  fluid  have  been  a  short  time  together, 
filter,  wash  with  the  weak  solution  of  nitrate  of  ammonia,  dry  and  ignite 
(§  53).     Kesults  very  satisfactory  (J.  Lowe  *). 

d.  By  Precipitation  as  Tersvlphide  of  Bismuth, 

Dilute  the  solution  with  water  slightly  acidulated  with  acetic  acid  (to 
provent  the  precipitation  of  a  basic  salt),  and  precipitate  with  sulphuretted 
hydrogen  water  or  gas ;  allow  the  precipitate  to  subside,  and  test  a  portion 
of  the  supernatant  fluid  with  sulphuretted  hydrogen  water  y  if  it  remains 
clear,  which  is  a  sign  that  the  bismuth  is  completely  precipitated,  filter  (the 
filtrate  should  smell  strongly  of  H  S),  and  wash  the  precipitate  with  water 
eontaining  sulphuretted  hydrogen.  Or  mix  with  ammonia  until  the  free 
acid  is  neutralized,  and  then  add  sulphide  of  ammonium  in  excess. 

The  washed  precipitate  may  now  be  weighed  in  three  different  forma. 
▼iz.,  as  aalphide,  as  metal,  or  as  oxide.     The  treatment  in  the  two  formal 

*  Jooxn.  f.  prakt  Ghem.  74,  844. 
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cases  will  be   described   in    3    and  5 :   in  the  latter  case  proceed  as 
follows : — 

Spread  the  filter  out  on  a  glass  plate  and  remove  the* precipitate  to  a 
vessel  by  means  of  a  jet  of  water  from  the  wash-bottle — or,  if  this  is  not 
practicable,  put  the  precipitate  and  filter  together  into  the  vessel — and 
heat  gently  with  moderately  strong  nitric  acid  until  complete  decomposi- 
tion is  effected  ;  the  solution  is  then  diluted  with  water  slighly  acidulated 
with  acetic  or  nitric  acid,  and  filtered,  the  filter  being  washed  with  the 
acidulated  water ;  the  filtrate  is  then  finally  precipitated  as  dii-ected  in  a. 

2.  Detemiinatian  of  bismuth  as  Chromate  of  Teroxide,     (J.  Lowe.  *) 

Pour  the  solution  of  teroxide  of  bismuth,  which  must  be  as  neutral  as 
possible,  and  must,  if  necessary,  be  first  freed  from  the  excess  of  nitric 
acid  by  evaporation  on  the  water-bath,  into  a  warm  solution  of  pure 
bichromate  of  potassa  in  a  porcelain  dish,  with  stirring,  and  take  care  to 
leave  the  alkaline  chromate  slightly  in  excess.  Binse  the  vessel  which 
contained  the  solution  of  bismuth  with  water  containbig  nitric  acid  into 
the  porcelain  dish.  The  precipitate  formed  must  be  orange-yellow,  and 
dense  throughout ;  if  it  is  fiocculent,  and  has  the  color  of  the  yolk  of  an 
egg,  this  is  a  sign  that  there  is  a  deficiency  of  chromate  of  potassa ;  in 
which  case  add  a  fresh  quantity  of  this  salt,  taking  care,  however,  to  giiai*d 
against  too  great  an  excess,  and  boil  until  the  precipitate  presents  the 
proper  appearance.  Boil  the  contents  of  the  dish  for  ten  minutes,  with 
stirring ;  then  wash  the  precipitate,  first  by  repeated  boiling  with  water 
and  decantation  on  to  a  weighed  filter,  at  last  thoroughly  on  the  latter 
with  boiling  water;  dry  at  about  120°,  and  weigh.  For  the  pro- 
perties and  composition  of  the  precipitate,  see  §  86.  Results  very 
satisfactory.       ^ 

3.  Determination  of  Bismuth  as  Svlphide. 

Precipitate  the  bismuth  as  sulphide  according  to  1,  tf.  If  the  precipi- 
tate contains  sulphur,  extract  the  later  by  boiling  with  solution  of  sulphite 
of  soda,  or  by  treatment  with  bisulphide  of  carbon  (compare  the  determi- 
nation of  mercury  as  sulphide,  §  118,  3),  collect  on  a  weighed  filter,  dry 
at  100®,  and  weigh. 

The  drying  must  be  conducted  with  caution.  At  first  the  i)recipitate 
loses  weight,  by  the  evaporation  of  water,  then  it  gains  weight,  from  the 
absorption  of  oxygen.  Hence  you  should  weigh  every  half-hour,  and 
take  the  lowest  weight  as  the  coiTect  one.  Compare  Expt.  No.  58. 
Properties  and  composition,  §  86,  c. 

The  sulphide  of  bismuth  cannot  be  conveniently  converted  into  the 
metallic  state  by  ignition  in  hydrogen,  as  its  complete  decomposition  is  a 
work  of  considerable  time.  As  i*egards  reduction  with  cyanide  of  potas- 
sium, see  5. 

4.  J^recipitation  of  HUmuth  as  JSasic  Chloride, 

The  precipitation  of  bismuth  as  basic  chloride,  and  the  reduction  of  tlie 
latter  with  cyanide  of  potassium,  is  recommended  by  H.  IlosE.f  The  pro- 
3688  is  conducted  as  follows : — nearly  neutraUze  any  large  excess  of  acid 
that  may  be  present  with  potassa,  soda,  or  ammonia,  add  chloride  of 
■odium  in  sufiicient  quantity  (if  hydrochloiic  acid  is  not  ah'^ady  pi^eaent), 
and  then  a  rather  large  quantity  of  water.     After  allowing  to  stand  some 

•  Joum.  t  prakt.  Chem.  67,  464.  f  ^<^ee-  Annal.  110,  425. 
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lime,  teat  whether  a  portion  of  tlie  clear  siipeznatant  fluid  is  rendered 
turbid  by  a  fxirther  addition  of  water ;  and  ^en,  if  required,  add  water 
U>  the  whole  till  the  precipitation  is  complete.  Finally,  filter  the  pre* 
cipitate,  wash  completely  with  cold  water,  dry  and  fuse  with  cyanide  of 
potassium  as  directed  below  (5).     Besults  accurate. 

5.  J)eiermination  of  Bismuth  as  Metal, 

The  oxide,  sulphide,  or  basic  chloride  that  are  to  be  reduced  are  fused 
in  a  large  porcelain  crucible  with  five  times  their  quantity  of  ordinary 
cyanide  of  potassium.  In  the  case  of  oxide  and  basic  chloride,  the  re- 
duction is  completed  in  a  short  time  at  a  gentle  heat ;  sulphide,  on  the 
other  hand,  requires  longer  fusion  and  a  higher  temperature.  The  ope- 
ration has  been  successful,  if  on  treatment  with  water  metallic  grains 
are  obtained.  These  grains  are  first  washed  completely  and  rapidly  with 
water,  then  with  weak,  and  lastly  with  strong  spirit,  dried  and  weighed. 
If  you  have  been  reducing  the  sulphide,  and  on  treating  the  fused  mass 
with  water  a  black  powder  (a  mixture  of  bismuth  with  sulphide  of  bis- 
muth) is  visible,  besides  the  metallic  grains,  it  ia  necessary  to  fuse  the 
former  again  with  cyanide  of  potassium. 

It  sometimes  happens  that  the  crucible  is  attacked,  and  pai*ticles  of 
porcelain  ai-e  found  mixed  with  the  metallic  bismuth ;  to  prevent  this  from 
spoiling  the  analysis,  weigh  the  crucible  together  with  a  small  dry  filter 
before  tlie  experiment,  collect  the  metal  on  the  filter,  diy  and  weigh  the 
eracible  with  the  filter  and  bismuth  again^    Besults  good  (H.  Boss  *). 

§121. 

7.  Oxide  of  Cadmium. 

a.  Solution,  * 

Cadmium,  its  oxide,  and  all  the  other  compounds  insoluble  in  water, 
ure  dissolved  in  hydrochloric  acid  or  in  nitric  acid. 

h.  Determination, 

Cadmium  is  weighed  either  in  the  form  of  oxide^  or  in  that  of  sulphide 

(§  87). 

We  may  convert  into 

1.  Oxide  of  Cadmium. 

a.  By  Precipitation,  h.  By  Ignition, 

The    compounds    of    cadmium         Salts   of  cadmium   with   readily 
which  are  soluble  in  water;   the     volatile  or  easily  decomposable  in- 
insoluble  compounds,  the  acid  of     organic  oxygen  acids. 
which  is  removed  upon  solution 
in  hydrochloric  acid  ;  salts  of  cad- 
mium with  organic  acids. 

2.  Sulphide  of  Cadmium. 

I       All  compounds  of  cadmium  without  exception. 

1«  Deternwnation  as  Oxide  of  Cadmium, 

a.  By  PrecipitcUion, 
Pkiecipitate  with  carbonate  of  soda  or  potassa,  wash  the  precipitated 

*  Fogg.  Annal  01,  104,  and  110, 136. 
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carbonate  of  cadmium,  and  convert  it,  by  ignition,  into  the  state  of  pure 
oxide.  The  precipitation  is  conducted  as  in  the  case  of  sine,  §  1 08, 1,  a. 
T}ie  oxide  of  cadmium  which  adheres  to  the  filter  may  easily  be  reduced 
and  volatilized ;  it  is  therefore  necessary  to  be  cautious.  In  the  first 
place  choose  a  thin  filter,  transfer  the  dried  precipitate  as  completely  as 
possible  to  the  crucible,  replace  the  filter  in  the  funnel,  and  moisten  it 
with  nitrate  of  ammonia  solution,  allow  to  dly,  and  then  burn  carefully  in 
a  coil  of  platinum  wire.  Let  the  ash  fall  into  the  crucible  containing  the 
mass  of  the  precipitate,  ignite  carefully,  avoid  the  action  of  reducing 
gases,  and  finally  weigh.  For  the  properties  of  the  precipitate  and  the 
residue,  see  §  87.     Results  good. 

b.  I3y  Ignition. 
Same  process  as  for  zinc,  §  108,  1,  c. 

2.  Determination  as  Svlphide  of  Cadmiwm, 

Neutral  or  acid  solutions  are  precipitated  with  sulphuretted  hydrogen 
water  or  gas,  which  must  be  used  in  sufficient  excess.  The  presence  of  a 
considerable  quantity  of  free  hydrochloric  or  nitric  acid  may — especially 
if  the  solution  is  not  enough  diluted — prevent  complete  precipitation, 
hence  such  an  excess  should  be  avoided,  and  the  clear  supernatant  fluid 
should  in  all  cases  be  tested,  by  the  addition  of  a  relatively  large  amount  of 
sulphuretted  hydrogen  water  to  a  portion,  before  being  filtered.  Alkaline 
solutions  of  cadmium  may  b<»  precipitated  with  sulphide  of  ammonium. 
If  the  sulphide  of  cadmium  is  free  from  admixed  sulphur,  it  may  be  at 
once  collected  on  a  weighed  filter,  dried  at  100°,  and  weighed  ;  if,  on  the 
contrary,  it  contains  free  sulphur,  it  may  be  purified  by  boiling  with  a 
solution  of  sulphite  of  soda,  or  by  treatment  with  bisulphide  of  carbon 
(see  Sulphide  of  mercury,  §  118,  3).  Results  accurate.  The  precipitA- 
fcion  of  sulphur  may  occasionally  be  obviated  by  adding  to  the  cadmium 
solution  cyanide  of  potassium  till  the  precipitate  first  formed  is  redissolved, 
and  then  precipitating  this  solution  with  sulphuretted  hydrogen. 

If  the  sulphide  of  cadmium  is  not  to  be  weighed  as  such,  wai'm  it,  to- 
gether with  the  filter,  with  moderately  strong  hydrochloric  acid,  till  tho 
precipitate  has  dissolved  and  the  odor  of  sulphuretted  hydrogen  is  no 
longer  perceptible,  filter  and  precipitate  the  solution  as  in  1,  a,  after  hav* 
ing  removed  the  excess  of  free  acid  for  the  most  part  by  evaporation. 

Supplement  to  the  Fifth  €hroup» 

§  122. 
8.  Protoxide  of  Pallabictm. 

Protoxide  of  palladium  is  convei-ted,  for  the  purpose  of  estimation,  into 
the  metallic  state  /  or — in  many  separations — into  douMe  chloride  of  pal- 
ladium offid  potassium, 

1.  Deterjnination  a«  JPaUadium, 

a.  Neutralize  the  solution  of  protochloride  of  palladium  almost  con^ 
pletely  with  cai-bonato  of  soda,  mix  with  a  solution  of  cyanide  of  mercury ; 
and  digest  the  mixture  for  some  time.  A  yellowish-white  precipitate  of 
protocyanide  of  palladium  will  subside ;  from  dilute  solutions,  only  aftet 
the  lapse  of  some  time.     Wash  this  precipitate,  dry,  and  ignite ;  weigh 
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tiie  reduced  metal  obtained.  If  the  solution  contains  nitrate  of  protoxide, 
evaporate  it  first  with  hydrochloric  acid  to  dryness ;  as  otherwise  the  pro* 
cipitate  obtained  deflagrates  upon  ignition  (Wollaston). 

b.  Mix  the  solution  of  the  protochloiide  or  nitrate  of  protoxide  of 
palladium  with  formiate  of  soda  or  potassa,  and  warm  until  no  more 
carbonic  acid  escapes.  The  palladium  precipitates  in  biilliant  scaloa 
(Dobsreikbr). 

c.  Precipitate  the  acid  solution  of  palladium  with  sulphuretted  hydro- 
gen,  filter,  wash  with  boiling  water,  roast^  and  either  convert  the  basic 
sulphate  of  protoxide  of  palladium  formed  into  pure  metal,  by  ignition 
over  the  blast  gas-lamp,  or  dissolve  it  in  hydrochloric  acid,  and  precipitate 
as  in  a. 

Exposed  to  a  moderate  red  heat  metallic  palladium  becomes  covered 
with  a  film  varying  from  violet  to  blue,  but  at  a  higher  temperature  it 
recovers  its  lustre ;  this  tarnishing  and  recovery  of  the  metallic  lustre 
is  not  attended  with  any  perceptible  diffei'^nce  of  weight.  Palladium 
requires  the  very  highest  degree  of  heat  for  its  fusion.  It  dissolves  readily 
in  nitrohydrochloric  acid,  with  difficulty  in  pure  nitric  acid,  more  easily 
in  nitric  acid  containing  niti*ous  acid,  with  difficulty  in  boiling  con- 
centrated sulphuric  acid. 

2.  Determination  as  Double  Chloride  of  Palladium,  and  Potassium. 

Evaporate  the  solution  of '  chloride  of  palladium  with  chloride  of 
potassium  and  nitric  acid  to  dryness,  and  treat  the  mass  when  cold 
with  alcohol  of  '833  sp.  gr.,  in  which  the  double  salt  is  insoluble.  Col- 
lect on  a  weighed  filter,  diy  at  100**,  and  w^eigh.  Results  a  little  too 
low,  as  traces  of  the  double  salt  pass  away  with  the  alcohol  washings 
(Berzelius). 

The  double  chloride  of  palladium  and  potassium  consists  of  mici-o- 
scopic  octahedra ;  it  presents  the  appearance  of  a  vermilion,  or,  if  the 
crystals  are  somewhat  larger,  of  a  brown  powder.  It  is  very  slightly 
soluble  in  cold  water ;  it  is  almost  insoluble  in  cold  spirit  of  the  above 
strength.     It  contains  26*701^  palladium. 

sixth  group. 

Teroxide  op  Gold — Binoxide  op  Platinum — ^Teroxide  op  Anti- 
voNY — Binoxide  op  Tin — Protoxide  of  Tin — ^Arsenious  and  Arsenio 
Acids — (Moltbdic  Acid). 

§  ^23. 

1.  Teroxide  of  Gold. 

a.  Solution. 

Metallic  gold,  and  all  compounds  of  gold  insoluble  in  water,  are  warmed 
with  hydrochloric  acid,  and  nitric  acid  is  gradually  added  until  complete 
iolution  is  effected ;  or  they  are  repeatedly  digested  with  strong  chlorine 
water.  The  latter  method  is  i*esorted  to  more  especially  in  cases  where 
the  quantity  of  gold  to  be  dissolved  is  small,  and  mixed  with  foreign 
cuddes,  which  it  is  wished  to  leave  undissolved. 

6.  Determination, 

Gold  is  always  weighed  in  the  metallic  staie.     The  compounds  are 
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brought  into  this  form,  either  by  ignition  or  by  precipitation,  as  gold,  oi 
sulphide  of  gold.     See  Cupellation,  § 

We  convert  into . 

Metallic  Gotj>. 

a.  JBylgnUum.  h.  By  Precipitation  as  MetaUie 

Gold. 

All  compounds  of  gold  which  All  compounds  of  gold  without 
contain  no  fixed  acid«  exception  in  cases  where  a  is  inap- 

plicable. 

c.  JBy  Precipitation  as  Termlphide  of  Gold, 

This  method  serves  to  effect  the  separation  of  gold  from  certain  othef 
mefcals  which  may  be  mixed  with  it  in  a  solution. 

Determination  as  Metallic  Gold. 

a.  By  Ignition, 

Heat  the  compound,  in  a  covered  porcelain  crucible,  very  gently  at 
first,  but  finally  to  redness,  aud  weigh  the  residuary  pui-e  gold.  For 
properties  of  the  residue,  see  §  88.     The  results  are  most  accurate. 

5.  By  Precipitation  as  Metallic  Geld, 

a.   T%e  solution  is  free  from  j^itric  Acid, 

Mix  the  solution  with  a  little  hydrochloric  acid,  if  it  does  not  already 
contain  some  of  that  acid  in  the  free  state,  and  add  a  clear  solution  of 
sulphate  of  protoxide  of  iron  in  excess  ;  heat  gently  for  a  few  hours 
until  the  precipitated  fine  gold  powder  has  completely  subsided ;  filter, 
wash,  dry,  and  ignite  according  to  §  52.  A  porcelain  dish  is  a  more 
appropriate  vessel  to  efiect  the  precipitation  in  than  a  beaker,  as  tho 
heavy  fine  gold  powder  is  more  readily  linsed  out  of  the  fonner  than 
out  of  the  latter.     The  results  are  accurate. 

p.  The  solution  of  Gold  contains  Citric  Acid, 

Evaporate  the  solution,  on  a  water-bath,  to  the  consistence  of  syrup, 
adding  from  time  to  time  hydrochloi-ic  acid ;  dissolve  the  residue  in  water 
contaiuing  hydrochloric  acid,  and  treat  the  solution  as  directed  in  ct.  It 
will  sometimes  happen  that  the  residue  does  not  dissolve  to  a  clear  fluid, 
in  consequence  of  a  partial  decomposition  of  the  terchloride  of  gold 
into  protochloride  and  metallic  gold  ;  however,  this  is  a  matter  of  per- 
fect inditlerence. 

y.  In  cases  where  it  is  wished  to  avoid  the  presence  of  iron  in  the 
filtrate,  the  gold  may  be  i-educed  by  means  of  oxalic  acid.  To  this  end, 
the  dilute  solution — ^freed  previously,  if  necessary,  from  nitric  acid, 
in  the  nianner  directed  in  13 — is  mixed,  in  a  beaker,  with  oxalic  acid,  or 
with  oxalate  of  ammonia  in  excess,  some  hydrochloric  acid  added  (if  that 
acid  is  not  already  present  in  the  free  state),  and  the  vessel,  covei-ed  with 
a  glass  plate,  is  kept  standing  for  two  days  in  a  moderately  warm  place. 
At  the  end  of  that  time,  the  whole  of  the  gold  will  be  found  to  have 
separated  in  small  yellow  scales,  which  are  collected  on  a  filter,  washed, 
drie^l,  'and  ignited.     If  the  gold  solution  contains  a  large  excess  of  hvdro* 
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chloric  i^d,  the  latter  should  be  for  the  most  part  evaporated,  before  the 
solution  \s  diluted  and  the  oxalic  acid  added.  If  the  gold  solution  con- 
tains chlorides  of  alkali  metals,  it  is  necessary  to  dilute  largely^  and 
allow  to  stand  for  a  long  time,  in  order  to  effect  complete  precipitation 
(H.  Rose). 

c.  ^y  Precipitation  as  Tersvlphide  of  Geld. 

Sulphuretted  hydrogen  gas  is  transmitted  in  excess  through  the  dilute 
solution ;  the  precipitate  formed  is  speedily  filtered  off,  without  heating, 
washed,  dried,  and  ignited  in  a  porcelain  crucible.  For  the  properties 
of  the  precipitate,  see  §  88.     The  results  are  accurate. 


§124. 

2.   BiNOXIDE  OF  PlATINTJlf. 

Ik  Solution, 

Metallic  platinum,  and  the  compounds  of  platinum  which  are  insolu- 
ble in  water,  are  dissolved  by  digestion,  at  a  gentle  heat,  with  niti'ohy' 
drochloric  acid. 

h»  DeterminaHon, 

Platinum  is  invariably  weighed  in  the  metallic  state,  to  whicli  con- 
dition its  compounds  are  brought,  either  by  precipitation  as  bichloride 
of  platinum  and  chloiide  of  ammonium,  bichloride  of  platinum  and 
chloride  of  potassium,  or  bisulphide  of  platinum,  or  by  ignition,  or  by 
precipitation  with  reducing  agents.  A  U  coxapounds  of  platinum,  witli- 
out  exception,  may,  iu  most  cases,  be  converted  into  platinum  by  either 
of  these  methods.  Which  is  the  most  advantageous  process  to  be  pur- 
sued in  special  instances,  depends  entirely  upon  the  circiimstauces.  The 
reduction  of  compounds  of  platinum  to  the  metallic  state  by  simple  igni- 
tion is  preferable  to  the  other  methods,  in  all  cases  where  its  applica* 
tion  is  admissible.  The  precipitation  as  bisulphide  of  platinum  is 
resorted  to  exclusively  to  effect  the  separation  of  platinum  from  other 
metals. 

Determination  as  Metallic  Platinvmi, 

a.  JBy  Precipitation  as  Hicldoride  of  Platinu/m  cmd  CMoride  of  Am- 
monium. 

The  solution  must  be  concentrated  if  necessary  by  evaporation  on  a 
water-bath.  Mix,  in  a  beaker,  with  ammonia  until  the  excess  of  acid 
(that  is,  supposing  an  excess  of  acid  to  be  present)  is  nearly  satui-ated  ; 
add  chloride  of  ammonium  in  excess,  and  mix  the  fluid  with  a  pretty 
large  quantity  of  absolute  alcohol. 

Cover  the  beaker  now  with  a  glass  plate,  and  let  it  stand  for  twenty- 
four  houn,  after  which  filter  on  an  unweighed  filter,  wajsh  the  pi'ecipi- 
tate  with  spirit  of  wine  of  about  80  per  cent.,  till  the  substances  to  be 
separated  are  removed,  and  dry  carefully. 

Introduce  the  dry  precipitate,  wrapped  up  in  the  filter,  into  a  weighed 
porcelain  crucible,  put  on  the  lid,  and  apply  a  very  gentle  heat  for,  some 
liiDfl^  until  no  more  fumes  of  chloride  of  ammonium  escape ;  now  removQ 
tlie  Ud,  place  the  crucible  obliquely  (§  52),  and  let  the  filter  bum.    Ap< 
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ply  finally  an  intense  heat  for  some  time,  and  then  weigh.  In  the  case 
of  large  quantities  this  final  ignition  is  advantageously  conducted  in 
a  stream  of  hydrogen  (§  108,  fig.  47,  p.  181),  or  with  addition  of  oxalic 
acid,  in  order  to  be  quite  sure  of  effecting  complete  decomposition.  For 
the  properties  of  the  precipitate  and  residue,  see  §  89.  The  results  are 
satisfactory ,  though  generally  a  little  too  low,  as  the  bichloride  of  ]>lati- 
num  and  chloride  of  ammonium  is  not  altogether  insoluble  in  spirit  of 
wine  (Expt.  No.  16);  and  as  the  fumes  of  chloiide  of  ammonium 
evolved  during  the  first  stage  of  the  process  of  ignition  ai-e  liable  te 
cai'ry  away  traces  of  the  yet  undecomposed  double  chloride,  if  the  appli- 
cation of  heat  is  not  conducted  with  the  greatest  possible  care. 

If  the  precipitated  bichloride  of  platinum  and  chloiide  of  ammonium 
were  weighed  in  that  form,  the  results  would  be  inaccumte,  since,  as  I 
have  convinced  myself  by  direct  experiments,  it  is  im[)osaible  to  com- 
pletely free  the  double  chloride,  by  washing  with  spiiit  of  wine,  from  all 
traces  of  the  chloride  of  ammonium  thix)wn  down  iu  conjunction  with  it^ 
without  dissolving,  at  the  same  time,  a  considerable  portion  of  the  double 
chloride.  As  a  general  rule,  the  results  obtained  by  Aveighing  the  bichlo- 
ride of  platinum  and  chloride  of  ammonium  in  that  form  are  one  or  two 
per  cent,  too  high. 

b,  By  PredpUcUion  cu  Bichloride  of  Platinum  and  ^  Cldoride  of 
Potassium, 

Mix  the  solution  of  the  compound  under  examination  in  a  beaker, 
with  potassa,  until  the  greater  part  of  the  excess  of  acid  (if  there  be 
any)  is  neutralized ;  add  chloride  of  potassium  slightly  in  excess,  and 
finally  a  pretty  large  quantity  of  absolute  alcohol ;  should  your  solu- 
tion of  platinum  be  very  dilute,  you  must  concentrate  it  previously  to 
the  addition  of  the  alcohol.  After  twenty  hours,  collect  the  pi*ecipitate 
upon  a  weighed  filter,  wash  with  spirit  of  wine  of  70  per  cent.,  dry 
thoroughly  at  100°,  and  weigh.  Now  put  a  [wi'tion  of  the  dried  [)recipi- 
tate  into  a  weighed  bulb-tube,  and  cleau  the  tube  part  of  the  latter  with 
a  feather ;  then  weigh  the  tube  again,  to  ascertain  the  exact  amount 
of  bichloiide  of  platinum  and  chloride  of  potassium  which  it  contains. 
Connect  the  tuba  now  with  an  apparatus  evolving  dry  hydi-ogen  gas,  and 
heat  its  contents  to  redness,  until  no  more  hydrochloric  acid  fumes  are 
evolved,  which  you  may  readily  ascertain  by  holding  a  glass  rod  moistr- 
ened  with  ammonia  to  the  opening  of  the  tube.  Allow  to  cool,  remove 
the  tube  from  the  apparatus,  fill  it  with  water,  decant  the  solution  of 
chloride  of  potassium  cautiously,  wash  the  residuary  platinum  carefully, 
dry  the  tube  thoroughly  (by  heating  it  in  the  stream  of  hydrogen  gas), 
and  weigh.  Subtract  from  the  weight  foimd  the  original  weight  of  the 
empty  tube,  and  calculate  from  the  remainder  (the  weight  of  the  residu- 
ary platiaum  in  the  tube)  the  amount  of  platinum  contained  in  thcs 
whole  precipitate. 

For  the  properties  of  the  precipitate  and  residue,  see  §  89. 

The  results  are  more  accurate  than  those  obtained  by  method  a,  since, 
on  the  one  hand,  the  bichloride  of  platinum  and  chloride  of  potassium  is 
more  insoluble  in  spirit  of  wine  than  the  coiTespondiug  ammonium  salt ; 
and,  on  the  other  hand,  Idss  of  substance  is  less  likely  to  arise  during 
the  process  of  ignition  than  is  the  case  in  method  a.  I'he  results  would 
be  less  accurate  were  the  ignition  effected  simply  in  a  crucible,  instead  of 
in  a  current  of  hydrogen  gas,  since  in  that  case  oomplete  deoomposition 
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will  not  ensue,  at  all  events  not  if  the  amount  of  substance  acted  upon 
is  at  all  considerable.  To  weigh  the  bichloride  of  platinum  and  chlori<ie 
of  potassium  in  that  form  would  not  be  practicable,  as  it  is  impossible  to 
remove,  by  washing  with  spirib  of  wine,  all  traces  of  the  chloride  of  potas- 
sium thrown  down  along  with  it,  without  at  the  same  time  dissolving  a 
portion  of  the  double  chloride.  The  reduction  may  also  be  effected  with 
the  apparatus  described  §  108  (fig.  47,  p.  181),  or  in  a  porcelain  boat, 
contained  in  a  wide  glass  tube,  instead  of  in  a  bulb-tube. 

c.  Jiy  Precipitation  as  Bisulphide  of  Platinum, 

Precipitate  the  solution  with  sulphuretted  hydrogen  water  or  gas,  ac- 
cording to  circumstances,  heat  the  mixture  to  incipient  ebulKtion,  filter, 
wash  the  precipitate,  dry,  and  ignite  accoi-ding  to  §  52.     For  the  prop 
erties  of  the  precipitate  and  residue,  see  §  89.     The  results  are  accurate. 

d.  My  Ignition, 

Heat  in  a  covered  porcelain  crucible,  very  gently  at  first,  but  finally 
to  i*edue8S,  and  weigh  the  residuary  pure  platinum.  For  the  properties 
of  the  residue,  see  §  89.     The  results  are  most  accurate. 

«.  JBy  Precipitation  with  Itedudng  Agents, 

Various  reducing  agents  may  be  employed  to  precipitate  platinum 
from  its  solutions  in  the  metallic  state.  The  i-eduction  is  very  i)romptly 
effected  by  sulphate  of  ii'on  and  potassa  or  soda  (the  protosesquioxide 
of  iron  being  removed  by  subsequent  addition  of  hydi-ocliloric  acid, 
Uempel),  or  by  pure  zinc  (the  excess  of  which  is  removed  by  hydro- 
chloric acid) ;  somewhat  more  slowly,  and  only  with  application  of  heat, 
by  alkaline  formiates.  Nitrate  of  suboxide  of  mercury  also  precipitates 
the  whole  of  the  platinum  from  solution  of  the  bichloride  ;  upon  igniting 
the  brown  precipitate  obtained,  fumes  of  subchloride  of  mercury  escape, 
and  metallic  platinum  remains. 

§  125. 
3.  Teroxide  op  Antimony. 

a.  Solution, 

Teroxide  of  antimony,  and  the  compounds  of  that  m^al  which  are 
insoluble  in  water,  or  are  decomposed  by  that  agent,  are  dissolved  in 
more  or  less  concentrated  hydrochloric  acid.  Metallic  antimony  is  dis- 
solved best  in  nitrohydrochloric  acid.  The  ebullition  of  a  hydrochloric 
acid  solution  of  terchloride  of  antimony  is  attended  with  volatilization 
of  traces  of  the  latter  ;  the  concentration  of  a  solution  of  the  kind  by 
evaporation  involves  accordingly  loss  of  substance.  Solutions  so  highly 
dilute  as  to  necessitate  a  recourse  to  evaporation  must  therefore  pre- 
viously be  supersaturated  with  potassa.  Hydrochloric  acid  solutions 
of  teroxide  of  antimony,  which  it  is  intended  to  dilute  with  water,  must 
previously  be  mixed  with  tartaiic  acid,  to  prevent  the  separation  of  basic 
salt.  In  diluting  an  acid  solution  of  antimonic  acid  in  hydrochloric  acid, 
the  water  must  not  be  added  gradually  and  in  small  quantities  at  a  time, 
which  would  make  the  fluid  turbid,  but  in  sufficient  quantity  at  once, 
which  will  leave  the  fluid  clear. 

b,  Determinaiion. 

Antimony  is  weighed  either  as  tersulphide  or  as  metallic  antimony,  or 
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M  antimoniate  of  teroxide  (Sb  O4) ;  or  it  is  estimated  by  Tolumetric 
analysis. 

The  oxides  of  antimony,  and  their  salts  with  readily  volatile  01  de- 
composable oxygen  acids,  may  be  converted  into  antimoniate  of  teroxido 
by  simple  ignition.  Antimony  in  solution  is  almost  invaiiably  first  pre- 
cipitated as  sulphide,  which  is  then,  with  the  view  of  estimation,  con- 
verted into  anhydrous  sulphide,  into  the  metallic  state,  or  into  antimo- 
niate of  teroxide,  or  determined  volumetrically.  The  method  of  esti- 
mating antimony  with  a  standard  solution  of  iodine  can  only  be  employed 
when  it  is  contained  in  the  solution  as  pure  teroxide.  Hence  it  is  only 
capable  of  limited  application. 

1.  PrecipitcUion  as  Sulphide  of  Antimony, 

Add  to  the  antimony  solution  hydrochloric  acid,  if  not  already  pre- 
sent, then  tartaric  acid,  and  dilute  with  water,  if  necessary.  Introduce 
the  clear  fluid  into  a  flask,  closed  with,  a  doubly  perforated  cork  ;  through 
one  of  the  perforations  passes  a  tube,  bent  outside  at  a  right  angle,  which 
nearly  extends  to  the  bottom  of  the  flask ;  through  the  other  perfora- 
tion passes  another  tube,  bent  outside  twice  at  right  angles,  which 
reaches  only  a  short  w^ay  into  the  flask ;  the  outer  end  of  this  tube  dips 
slightly  under  water.  Conduct  through  the  first  tube  sulphuretted 
hydrogen  gas,  until  it  j)redominates  strongly ;  put  the  flask  in  a  mode- 
rately warm  place,  and  after  some  time  conduct  carbonic  acid  into  the 
fluid,  until  the  excess  of  the  other  gas  is  almost  completely  removed ; 
filter  now  ^dthout  intermission  through  a  weighed  filter,  wash  the  pre- 
cipitate rapidly  and  thoroughly  with  water  mixed  with  a  few  drops  of 
sulphuretted  hydrogen  water,  dry  at  100*^,  and  weigh.  The  pi-ecipitate 
so  weighed  always  retains  some  water,  and  may,  besides,  contain  free 
sulphur  ;  in  fact,  it  always  contains  the  latter  in  cases  whei-e  the  anti- 
mony solution,  besides  teroxide  or  terchloride,  contains  antimonic  acid 
or  pentachloride  of  'antimony,  since  the  precipitation  under  these  cir- 
cumstances is  preceded  by  a  reduction  of  the  higher  oxide  or  chloride 
to  teroxide  or  terchloride,  accompanied  by  separation  of  sulphur.  (H. 
Rose.)  A  further  examination  of  the  precipitate  is  accordingly  indis- 
pensable. 

To  this  end,  treat  a  sample  of  the  weighed  precipitate  with  strong  hy- 
drochloric acid.     If 

cTu  The  sample  dissolves  to  a  clear  fluid,  this  is  a  proof  that  the  preci- 
i>itate  only  contains  Sb  S,;  but  if 

b.  »Sulj)hur  sei)aiates,  this  shows  that  free  sulphur  is  present. 

In  case  ft,  the  greater  portion  of  the  dried  precipitate  is  weighed  in  a 
porcelain  boat,  which  is  then  inserted  into  a  sufficiently  wide  glass  tube, 
about  2  decimetres  long ;  a  slow  current  of  dry  carbonic  acid  is  trans- 
mitted through  the  latter,  and  the  boat  cautiously  heated  by  means  of 
-a  lamp,  moved  to  and  fro  under  it,  until  the  orange  precipitate  becomes 
black ;  tliis  operation  serves  to  expel  the  '^hole  of  the  water  pi*esent. 
The  precipitate  is  then  allowed  to  cool  in  the  cuiTent  of  carbonic  acid, 
and  weighed;  from  the  amount  found,  the  tptal  quantity  of  anhydrous 
sulphide  of  antimony  contained  in  the  entire  precipitate  is  ascertained 
by  a  simple  calculation.  Tlie  results  are  accurate.  Expt.  No.  84  gave 
99*24  instead  of  100-  But  if  the  precipitate  is  simply  dried  at  100°,  the 
results  are  about  2  per  cent,  too  high — see  the  same  experiment.  For 
the  properties  of  the  precipitate,  see  §  90. 
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In  case  5,  the  precipitate  is  subjected  to  the  same  treatment  as  in  a^ 
with  this  difierence  only,  that  the  contents  of  the  boat  are  heated  much 
more  intensely,  and  the  process  is  continued  until  no  more  sulphur  is 
expelled.  This  removes  the  whole  of  the  admixed  sulphur ;  the  residue 
consists  of  pure  tersulphide  of  antimony.  It  must  be  completely  solu- 
ble in  fuming  hydrochloric  acid  on  heating. 

According  to  Bunsen  it  is  best  to  convert  the  sulphide  of  antimony 
into  antimoniate  of  teroxide  (see  2). 

The  method  (described  in  §  148)  of  estimating  the  sulphur  in  the  pre- 
cipitate dried  at  100°,  and  calculating  the  antimony  from  the  ditiereuce, 
does  not  give  accurate  results,  since  the  precipitate,  besides  antimony 
and  sidphur,  contains  also  water.  In  cases,  therefore,  where  this  indi- 
rect method  is  resorted  to,  the  water  must  first  be  expelled,  as  direct- 
ed in  a. 

The  antimony  may  also  be  determined  in  the  direct  way,  in  tlu- 
precipitate  dried  at  100°.  To  this  end,  an  aliquot  part  of  it  is  weighed 
in  a  bulb-tube,  hydrogen  gas  ti-ansmitted  through  the  latter,  and  a  very 
gentle  heat  applied,  which  is  gradually  inci*eased,  until  no  more  sulphu- 
retted hydrogen  escapes.  It  is  hardly  possible,  however,  to  avoid  a 
slight  loss  of  antimony  in  this  process,  as  a  small  portion  of  that  body 
is  but  too  apt  to  be  mechanically  carried  away  by  the  hydrogen  gas. 

For  the  method  of  estimating  the  antimony  in  the  &ul|>hide  volu- 
metrically  and  indirectly,  see  3,  a. 

2.  Determination  as  Antimoniate  of  Teroxide. 

o.  In  the  case  of  teroxide  of  antimony  or  a  compound  of  the  same  with 
an  easily  volatile  or  decomposable  oxygen  acid,  evaporate  carefully  with 
nitric  acid,  and  ignite  finally  for  some  time  tiJl  the  weight  is  constant. 
The  experiment  may  be  safely  made  in  a  platinum  crucible.  With  anti- 
monic  acid,  the  evaporation  with  nitric  acid  is  unnecessary. 

6.  If  sulphide  of  antimony  is  to  be  converted  into  antimoniate  of  ter- 
oxide, one  of  the  two  following  methods  given  by  Bunsen  *  is  employed : — 

a.  Moisten  the  dry  sulphide  of  antimony  with  a  few  drops  of  nitric 
acid  of  1*42  sp.  gr.,  then  treat,  in  a  ^^eighed  porcelain  crucible,  with  con- 
cave lid,  with  8 — 10  times  the  quantity  of  fuming  nitric  acid,f  and  let 
the  acid  gradually  evaporate  on  the  water-bath.  The  sulphur  separates 
at  first  as  a  fine  powder,  which,  however,  is  readily  and  completely  oxidized 
during  the  process  of  evaporation.  The  white  residual  mass  in  the  cruci- 
ble consists  of  antimonic  acid  and  sulphuric  acid,  and  may  by  ignition  be 
converted,  without  loss,  into  antimoniate  of  teroxide  of  antimony.  If  the 
sulphide  of  antimony  contains  a  large  excess  of  free  sulphur,  this  must  first 
be  removed  by  wasliing  with  bisulphide  of  carbon  (see  3  at  the  end),  before 
proceeding  to  oxidation. 

3.  Mix  the  sulphide  of  antimony  with  30 — 50  times  its  quantity  of 
pure  oxide  of  mercury,J  and  heat  the  mixture  gradually  in  an  open  por- 
celain crucible.  As  soon  as  oxidation  begins,  which  may  be  known  by 
the  sudden  evolution  of  gray  mercurial  fumes,  moderate  the  heat.     Wlien 

^  »       I  ■   ^-'     ^■-■^■-— ^-■■■-  ■^■i-i  ■■-■  ■  ■■■■■  ■■■■  M  I   ■■■■I      I 

•  Aimal.  d.  Cbem.  u.  Pharm.  108,  3. 

f  Nitric  aoid  of  1  '42  sp.  gr.  is  not  suitable  for  this  purpose,  as  its  boiUn^  point 
is  almost  10'  above  the  fusing  point  of  sulphur,  whereas  fuming  nitric  acid  boila 
■t  86"*,  consequently  below  the  fusing  point  of  sulphur.  With  nitric  acid  of  1  '42 
■p.  gr. ,  therefore,  the  separated  sulphur  fuses  and  forms  drops,  which  obstinatelj 
rensc  oxidation. 

I  It  is  best  to  use  that  iirepare^.  in  the  wet  way. 
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ihe  evolution  of  mercurial  fumes  diminishes  raise  the  temperature  again, 
always  taking  care,  however,  that  no  reducing  gases  come  in  contact  with 
the  contents  of  the  crucible.  Remove  the  last  traces  of  oxide  of  mercui^ 
over  the  blast  gas-lamp,  then  weigh  the  residual  fine  white  powder  of 
antimoniate  of  teroxide  of  antimony.  As  oxide  of  mercury  generally  leaves 
a  trifling  fixed  residue  upon  ignition,  the  amount  of  this  should  be  deter- 
mined once  for  all,  the  oxide  of  mercury  added  approximately  weighed, 
and  the  corresponding  amount  of  fixed  residue  deducted  from  the  antimo- 
niate of  teroxide  of  antimony.  The  volatilization  of  the  oxide  of  mercury 
proceeds  much  more  rapidly  when  efiected  in  a  platinum  crucible,  instead 
of  a  porcelain  one.  But,  if  a  platinum  crucible  is  employed,  it  must  be 
efiectively  protected  from  the  action  of  antimony  upon  it,  by  &  good  lining 
of  oxide  of  mercury.*  If  the  sulphide  of  antimony  contains  free  sulphur, 
this  must  first  be  removed  by  washing  with  bisulphide  of  carbon,  before 
the  oxidation  can  be  proceeded  with,  since  otherwise  a  slight  deflagration 
is  unavoidable.  The  bisulphide  of  carbon  used  may  be  very  easily  rec- 
tified, and  then  used  again,  so  that  the  washing  of  a  precipitate  may  be 
efiected  with  as  little  as  10 — 15  grammes  of  bisulphide  of  carbon. 

3.  Volumetric  MeUwds, 

The  proposals  under  this  head  are  based,  either, 
a.  Upon  the  decomposition  of  the  sulphide  on  boiling  with  hydrochloric 
acid,  and  the  determination  of  the  sulphuretted  hydrogen  evolved.     (R. 

ScHNEIDER.f) 

h.  Upon  the  oxidation  of  the  teroxide  with  permanganate  (Kessler^)« 

a,  Volwmetric  Estimation  by  determining  the  Sulphuretted  Hydrogen 
given  up  by  tJie  Sulphide, 

Both  tersulphide  and  pentasulphide  yield  under  the  action  of  boiling 
hydrochloric  acid  3  eq.  of  sulphuretted  hydrogen  for  every  1  eq.  of  anti- 
mony. Hence,  if  the  amount  of  the  gas  evolved  under  such  circumstances 
is  estimated,  the  amount  of  antimony  is  known. 

For  decomposing  the  sulphide  and  absorbing  the  gas  the  same  apparatus 
serves  as  Bunsen  employs  for  his  iodimetric  analyses  (§  130,  fig.  51), 
The  size  of  the  boiling  fiask  should  depend  on  the  quantity  of  suljdiide : 
for  quantities  up  to  0*4  grm.  Sb  S3,  a  fiask  of  100  c.  c.  is  large  enough ; 
for  '4 — rO  grm.,  use  a  200  c.  c.  fiask.  The  body  of  the  fia.sk  should  be 
spherical,  the  neck  rather  narrow,  long,  and  cylindrical.  If  the  sulphide 
of  antimony  is  on  a  filter,  put  both  together  into  the  flask.  The  hydro- 
chloric acid  should  not  be  too  concentrated. 

The  determination  of  the  sulphuretted  hydrogen  is  best  conducted 

*  This  is  effected  best,  according  to  Bnnsen.  in  the  following  way :  Soften  the 
sealed  end  of  a  common  test  tube  before  the  glass-blower^s  lamp  ;  place  the  sof- 
tened end  in  the  centre  of  the  platinum  cmcible,  and  blow  into  it,  which  will 
cause  it  to  expand  and  assume  the  exact  form  of  the  interior  of  the  crucible. 
Crack  off  the  bottom  of  the  little  flask  so  formed,  and  smooth  the  sharp  edge 
cautiously  by  fusion.  A  glass  is  thus  obtained,  open  at  both  ends,  which  exactiy 
fits  the  crucible.  To  effect  the  lining  by  means  of  this  instrument,  fill  the  crucible 
loosely  with  oxide  of  mercuiy  up  to  the  brim,  then  force  the  glass  gradually  and 
dowly  down  to  the  bottom  of  the  crucible,  occasionally  shaking  out  the  oxide  of 
mercury  from  the  interior  of  the  glass.  The  inside  of  the  crucible  is  thus  coYered 
with  a  layer  of  oxide  of  mercury  ^—1  line  thick,  which,  after  the  removal  of  the 
(lass,  adheres  with  sufficient  firmness,  even  upon  ignition. 

t  Pogg.  AnnaL  110,  634.  t  Zeitsohrift  f.  anal.  Chem.  9,  883. 
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acGordmg  to  the  method  given  in  §  148,  h.    The  results  obtained  bj 
ScHNBiDER  are  satisfactory. 

If  the  precipitate  contains  chloride  of  antimony,  the  results  are  of  coursf 
false,  and  this  would  actually  be  the  case  if  on  precipitation  with  sulphu- 
retted hydrogen  the  addition  of  tartaric  acid  were  omitted. 

h.  Volumetnc  Determination  vnth  Permanganate  of  Potash, 

In  the  absence  of  organic  matter,  heavy  metallic  oxides,  and  othez 
bodies  which  are  detrimental  to  the  reaction,  dissolve  the  substance  con- 
tuning  teroxide  of  antimony,  at  once  in  hydrochloric  acid.  The  solution 
should  contain  not  less  than  ^  of  its  volume  of  hydrochloric  acid  of  1'12 

The  permanganate  solution,  which  may  contain  about  1*5  grm.  of  the 
crystallized  salt  in  a  litre,  is  added  to  permanent  reddening.  The  end- 
reaction  is  exact,  and  the  oxidation  of  the  teroxide  of  antimony  to  anti- 
monic  acid  goes  on  uniformly,  although  the  degree  of  dilution  may  vai*y, 
provided  the  above  relation  between  hydrochloric  acid  and  water  is  kept 
up.  It  is  not  well  that  the  hydrochloric  acid  should  exceed  ^  of  the  volume 
of  the  fluid,  as  in  that  case  the  end-reaction  would  be  too  transitory. 
Tartaric  acid,  at  least  in  the  proportion  to  teroxide  of  antimony  in  which 
it  exists  in  tartar  emetic,  does  not  interfere  with  the  reaction.  Hence 
the  permanganate  may  be  standardized  by  the  aid  of  solution  of  tartar 
emetic  of  known  strength. 

If  the  direct  determination  of  the  hydrochloric  acid  solution  is 
not  practicable,  precipitate  it  with  sulphuretted  hydrogen.  Wash  the 
precipitate,  transfer  it,  together  with  the  filter,  to  a  small  flask ;  treat 
it  with  a  sufficiency  of  hydrochloric  acid,  dissolve  by  digestion  on  the 
water-bath,  add  a  sufficient  quantity  of  a  nearly  saturated  solution  of 
chloride  of  mercury  in  hydrochloric  acid  of  1*12  sp.  gr.  to  remove  the 
sulphuretted  hydrogen,  make  the  fluid  up  to  a  certain  volume,  allow 
to  settle,  and  use  a  measured  portion  of  the  perfectly  dean'  solution  for 
the  experiment. 

§126. 
4.  Protoxide  op  Tin,  and  5.  Binoxide  or  Tin. 

a.  Solution. 

In  dissolving  compounds  of  tin  soluble  in  water,  a  little  hydrochloric 
acid  is  added  to  insure  a  cleai*  solution.  Nearly  all  the  compounds  of 
tin  insoluble  in  water  dissolve  in  hydrochloric  acid  or  in  aqua  regia. 
The  hydrate  of  metastannic  acid  may  be  dissolved  by  boiling  with  hydro- 
chloric acid,  decanting  the  fluid,  and  treating  the  residue  with  a  large 
proportion  of  water.  Ignited  binoxide  of  tin,  and  compounds  of  the 
binoxide  insoluble  in  acids,  are  pi'epared  for  solution  in  hydrochloric 
acid,  by  reducing  them  to  the  state  of  a  fine  powder,  and  fusing  in  a  sil< 
ver  crucible  with  hydrate  of  potassa,  or  soda,  in  excess.  Metallic  tin  is 
dissolved  best  in  aqua  regia ;  it  is  generally  determined,  however,  by 
converting  it  into  binoxide,  without  previous  solution.  Acid  solutions 
di  binoxide  of  tin,  which  contain  hydrochloric  acid,  or  a  chloride,  can- 
not be  concentrated  by  evaporation,  not  even  after  the  addition  of  nitric 
acid  or  sulphuric  add,  without  volatilization  of  bichloride  of  tin  taking 
plaoe. 
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6.  Determination, 

Tin  is  weighed  in  the  form  of  hinoxidej  into  which  it  is  converted^ 
either  by  the  agency  of  nitric  acid,  or  by  precipitation  as  hydrated 
binoxide,  or  by  precipitation  an  sulphide. 

A  great  many  volumetric  methods  of  estimating  tin  have  been  pro- 
posed. They  all  depend  on  obtaining  the  tin  in  solution  in  the  con- 
dition of  protochloride,  and  converting  this  into  bichloride  either  in  alka- 
line or  acid  solution.     A  few  only  yield  satisfactory  results. 

We  may  convert  into 

BiNOXIDE   OF  TiK. 

a,  £y  the  agency  of  N'Uric  Acid. 

Metallic,  tin,  and  those  compounds  of  tin  which  contain  no  fixed  acid, 
provided  no  compounds  of  chlorine  be  present. 

h,  Sy  PtedpiixLixon  as  Hydrcded  Sinoxide. 

All  compounds  of  tin  containing  volatile  acids,  provided  no  non-A  ol&- 
tile  organic  substances  nor  sesquioxide  of  iron  be  present. 

c.  Sy  Precipitation  as  Stdphide, 

All  compoimds  of  tin  without  exception. 

In  methods  a  and  c,  it  is  quite  indifierent  whether  the  tin  is  presenv 
in  the  state  of  protoxide  or  in  that  of  binoxide.  The  method  b  requires 
the  tin  to  be  present  in  the  state  of  binoxide.  The  volumetnc  methods 
may  be  employed  in  all  cases ;  but  the  estimation  is  simple  and  direct 
only  where  the  tin  is  in  solution  as  protochloride  and  free  from  other 
oxidizable  bodies,  or  can  readily  be  brought  into  this  state.  For  the 
methods  of  determining  the  protoxide  and  binoxide  in  presence  of  each 
other,  I  refer  to  Section  V. 

1.  Determination  of  Tin  as  Dinoxide, 

a.  Dy  Treating  with  Nitric  Acid, 

This  method  is  resorted  to  principally  to  convert  the  metallic  tin  into 
binoxide.  For  this  purpose  the  finely-divided  metal  is  put  into  a  capa- 
cious fiask,  and  modei^ately  concentrated  pure  nitiic  acid  (about  I '3  sp. 
gr.)  gradually  poured  over  it ;  the  flask  is  covered  with  a  watch-glass. 
When  the  first  tumultuous  action  of  the  acid  has  somewhat  abated,  a 
gentle  heat  is  applied  until  the  binoxide  fonned  appears  of  a  pure  white 
color,  and  further  action  of  the  acid  is  no  longer  perceptible.  The  contents 
of  the  flask  are  then  transfen*ed  to  a  porcelain  dish  and  evapora  '^d  on  a 
water-bath  to  dryness,  water  is  then  added,  and  tlie  precipitate  is  collected 
on  a  filter,  washed,  till  the  washings  scarcely  redden  litmus  paper,  dried, 
ignited,  and  weighed.  The  ignition  is  efiected  best  in  a  small  porcelain 
crucible,  according  to  the  directions  given  in  §  53  ;  still  a  platinum  cru> 
cible  may  also  be  used.  A  simple  red  heat  is  not  sufficient  to  drive  off 
all  the  water ;  the  ignition  must  therefore  be  finished  over  a  gas  blast* 
^mp.  Compounds  of  tin  which  contain  no  fixed  substances  may  be  con- 
rert«d  into  binoxide  by  treating  them  in  a  porcelain  crucible  with  nitric 
acid,  evaporating  to  dryness,  and  igniting  the  residue.  If  sulphuric  acid 
be  present,  the  expulsion  of  that  acid  may  be  promoted,  in  the  last  stages 
of  the  process,  by  carbonate  of  ammonia,  as  in  the  case  of  bisulphate  oi 
potassa  (§  97) ;  here  also  the  heat  must  be  increased  as  much  as  possL- 


g  126.]  PBOTOxms  Am>  binozide  of  tdt.  247 

ble  at  the  .end.    For  the  propei*ties  of  the  residue^  see  §  91.    The  resulta 
•re  accurate. 

b,  3y  Predpitaiion  as  Hydrnte  of  ^inoxide. 

The  application  of  this  method  presupposes  the  whole  of  the  tin  to  bl 
present  in  the  state  of  binoxide  or  bichloiide.  Therefore,  if  a  solution 
contains  protoxide,  either  mix  with  chlorine  water,  or  conduct  clilorine 
gas  into  it,  or  heat  gently  with  chlorate  of  potassa,  until  the  conversion 
of  the  protoxide  into  binoxide  is  effected.  When  this  has  been  done, 
add  ammonia  until  a  permanent  precipitate  just  begins  to  form,  and 
then  hydrochloric  acid,  drop  by  drop,  until  this  precipitate  is  completely 
redissolved ;  by  this  means  a  large  excess  of  hydrochloric  acid  in  the 
solution  will  be  avoided.  Add  to  the  fluid  so  prepared  a  conceii> 
trated  solution  of  nitrate  of  ammonia  (or  sulphate  of  soda),  and  apply 
heat  for  some  time,  whereupon  the  whole  of  the  tin  will  precipitate  as 
hydrate  of  binoxide.  Decant  three  times  ou^to  a  Alter,  then  collect  the 
precipitate  on  the  latter,  wash  thoroughly,  dry,  and  ignite.  To  make 
quite  sure  that  the  whole  of  the  tin  has  sepairated,  you  need  simply,  be- 
fore proceeding  to  filter,  add  a  few  drops  of  the  cleai*  supernatant  fluid 
to  a  hot  solution  of  nitrate  of  ammonia,  or  sulphate  of  soda,  when  the 
formation  or  nonformation  of  a  precipitate  will  at  once  decide  the  ques- 
tion. 

This  method,  which  we  owe  to  J.  Lowenthal,  has  been  repeatedly 
tested  by  liim  in  my  own  laboratory,*  is  easy  and  convenient,  and  gives 
very  accui'ate  results.  The  decomposition  is  expressed  by  the  equation, 
SnCl,4-2  (NH,0,NO,)  f  2  HO=SnO,-f-2  NH4C1+2  (NO^,HO), or, in 
precipitating  with  sulphate  of  soda:  Sn  013+4  (Na  O,  S  03)-|-2  H  0= 
Sn  0,-h2  Na  01+2  (Na  O,  H  O,  2  S  O3). 

Tin  may  also,  according  to  H.  Kose,  f  be  completely  precipitated  from 
solutions  of  the  binoxide  or  bichloride,  by  sulphuric  acid.  If  the  solu- 
tion contains  metastannic  acid  or  metachloride  of  tin,  the  precipitation 
is  efl'ected  without  extraordinary  dilution  ;  on  the  contraiy,  if  it  contains 
the  other  modification  of  the  binoxide  or  bichloride,  very  considerable 
dilution  is  necessary.  If  free  hydrochloric  acid  is  absent,  the  precipita- 
tion is  rapid;  in  other  cases  12  or  24  hours  at  least  ai*e  required  for 
perfect  precipitation.  Allow  to  settle  thoroughly,  before  filtering,  wash 
well  (if  hydrochloric  acid  was  present,  till  the  washings  give  no  turbid- 
ity with  nitrate  of  silver),  dry  and  ignite,  at  last  intensely  with  addition 
of  some  carbonate  of  ammonia.  The  results  obtained  by  Oesten,  and 
communicated  by  H.  Kobe,  are  exact. 

c.  3y  Precipitation  as  Protosvlphide  or  bisulphide  of  Tin, 

Precipitate  the  dilute  moderately  acid  solution  with  sulphuretted  hy- 
drogen water  or  gas.  If  the  tin  was  present  in  the  solution  in  the  form 
of  protoxide,  and  the  precipitate  consists  accordingly  of  the  brown  pro- 
tosulphide,  keep  the  solution,  supersaturated  with  sulphuretted  hydro- 
gen, standing  for  half  an  hour  in  a  moderately  warm  place,  and  then 
filter ;  if,  on  the  other  hand,  the  solution  contain  a  salt  of  binoxide  of 
tin,  and  the  precipitate  consists  accordingly  of  the  yellow  bisulphide, 
put  the  fluid,  loosely  covered,  in  a  warm  place,  until  the  odor  of  sul- 
liharettod   hydrogen  has  nearly  gone  ofl^  and  then  filter.     The  washing 

*  Joom.  1  prakt  Chem.  56,  866.  f  Pogg.  AnnaL  112,  164. 
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of  the  bisulphide  of  ttu  precipitate  which  has  a  great  iuclinaiion  to  pasi 
through  the  filter,  is  beat  effected  with  a  concentrated  sohition  of  chlo 
ride  of  sodium^  the  remains  of  the  latter  being  got  rid  of  bj  a  solution 
of  acetate  of  ammoniiv  containing  a  small  excess  of  acetic  acid.  If  there 
is  no  objection  to  having  the  latter  salt  in  the  filti^te,  the  washing  may 
be  entirely  effected  by  its  means  (Bunsen  *).  Put  the  filter,  with  the 
not  yet  quite  dry  precipitate  on  it,  into  a  porcelain  crucible,  and  apply 
a  very  gentle  heat,  with  free  access  of  air,  until  the  odor  of  Bulphurous 
acid  is  no  longer  perceptible.  Increase  the  heat  now  gradually  to  a  high 
degree  of  intensity,  and  treat  the  residue  repeatedly  with  some  carbonate 
of  ammonia  (see  a),  in  order  to  insure  the  complete  expulsion  of  the 
sulphuric  acid  which  may  be  present.  Were  you  to  apply  a  very  intense 
heat  from  the  beginning,  fumes  of  bisulphide  of  tin  would  escape,  which 
bum  to  binoxide  (H.  Hose).  For  the  properties  of  the  precipitates,  see 
§91.     The  results  are  accurate.       u^^A  «.!  ShC^ 

2.    Volumetric  Methods, 

The  determination  of  tin  by  the  converaion  of  the  proto-  into  bichlo- 
ride with  the  aid  of  oxidizing  agents  (bichromate  of  potassa,  iodine,  per- 
manganate of  potassa,  (fee.)  offers  ^^eculiar  difficulties,  inasmuch  as  on  the 
one  hand  the  protochloride  of  tin  takes  up  oxygen  from  the  air  and  from 
the  water  used  for  dilution,  with  more  or  less  rapidity,  according  to  cir- 
cumstances ;  and  on  the  other  hand,  the  energy  of  the  oxidizing  agent  is 
not  always  the  same,  being  influenced  by  the  state  of  dilution  and  the 
presence  of  a  larger  or  smaller  excess  of  acid. 

In  the  following  methods,  these  sources  of  error  are  avoided  or  limited 
in  such  a  manner  as  to  render  the  results  satisfactory. 

1.  JSsiimation  of  JProtochlaride  of  Tin  by  Iodine  in  AUcaliive 
Solution  (after  Lenssen  f ). 

Dissolve  the  protosalt  of  tin  or  the  metallic  tin  J  in  hydrochloric  acid 
(preferably  in  a  stream  of  carbonic  acid),  add  Bochelle  salt,  then  bicar- 
bonate of  soda  in  excess.  To  the  clear  alkaline  solution  thus  formed 
add  some  starch-solution,  and  afterwards  the  iodine  solution  of  §  146, 
till  a  permanent  blue  coloration  appears.  1  eq.  fi*ee  iodine  used  cor- 
responds to  1  eq.  tin. 

Lenssen's  results  are  entirely  satisfactory. 

2.  Estimation  of  the  Protochloride  of  Tin^  after  addition  of 
Sesquicldoride  of  Iron. 

Protochloride  of  tin  in  acid  solution  is  best  oxidized  by  oxidizing 
agents  after  being  mixed  with  sesquichloride  of  iron  (Lowenthal,  § 
Stromeyer  H). 

a.  The  given  substance  is  a  protonsalt  of  tin.      Dissolve  in  pure  ses- 

*  Anna!  d.  Chem.  u.  Pharra.  lOG,  13. 

f  Joum.  f.  prakt.  Che«.  78,  200;  Annal.  d.  Chem.  n.Phann.  114,  113. 

X  The  solntion  of  metallic  tin  is  much  assisted  by  the  presence  of  plabinum 
foil,  which  is  accordingly  added.  Lenssen  found  this  addition  of  platinum  to  b« 
objectionable  ;  but  no  other  experimenter  has  observed  that  it  interferes  witii 
the  accuracy  of  the  results. 

%  Journ.  f.  prakt.  Chem.  76,  484        |  Annal  d.  Chem.  u.  Pharm.  117,  261. 
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quichloride  of  iron  (free  from  protochloride)  with  addition  of  hydros 
i^oric  acid,  dilute  and  add  standard  permanganate  from  the  hurette. 
Now  make  another  experiment  with  the  same  quantity  of  water  similarly 
colored  with  sesquichloride  of  iron  to  ascertain  how  much  permanganate 
is  required  to  tinge  the  liquid,  and  suhti'act  the  quantity  so  used  from 
the  amount  employed  in  the  actual  analysis,  and  from  the  lemainder 
calculate  the  tin. 

The  reaction  between  the  tin  salt  and  the  iron  solution  is  SuCl  -f- 
FeaCl3=SnCl3-f  2  Fe  CI.  The  solution  thus  contains  protochloride  of 
iix>n  in  the  place  of  proto-salt  of  tin,  the  former  being,  as  is  well  known, 
far  less  suscej»tible  of  altei*ation  from  the  action  of  fi'ee  oxygen  than  the 
latter.     2  eq.  iron  found  correspond  to  1  eq.  tin. 

b.  The  given  substance  is  metallic  tin.  Either  dissolve  in  hydro- 
chloric acid — preferably  with  addition  of  platinum  and  in  an  atmospliere 
of  carbonic  acid — and  treat  the  solution  according  to  a,  or  place  the 
substance  at  once  in  a  concentrated  solution  of  sesquichloride  of  iron, 
mixed  with  a  little  hydrochloric  acid  ;  under  these  circumstances  it  will, 
if  finely  divided,  dissolve  quickly  even  in  the  cold  and  without  evolu- 
tion of  hydrogen.  Gentle  warming  is  unobjectionable.  Now  add  the 
permanganate.  The  reaction  is  Sn -f  2  re3Cl3=Sn  Cla  +  4  Fe  CI, 
therefore  every  4  eq.  iron  found  I'educed  correspond  to  1  eq.  tin. 
The  results  are  of  course  only  correct  when  iron  is  not  present. 
Where  this  is  the  case,  proceed  with  the  impure  tin  solution  accord- 
ing to  c. 

c.  The  given  substance  is  bichloride  of  tin,  or  binoxide  of  tin,  or  a 
compound  of  tin  containing  iron.  Dissolve  in  water  with  addition  of 
hydi-ochloric  acid,  place  a  plate  of  zinc  in  the  solution  and  allow  to  stand 
twelve  hours,  then  remove  the  precipitated  tin  with  a  biaish,  wash  it, 
dissolve  in  sesquichloride  of  iron,  and  proceed  as  in  6. 

(L  The  given  substance  is  pure  bisulphide  of  tin,  precipitated  out  of 
an  acid  solution  of  binoxide  fi*ee  from  protoxide.  Mix  with  sesqui- 
chloride of  iron,  heat  gently,  filter  off  the  sulphur,  and  then  add  the 
permanganate.  4  eq.  iron  correspond  to  1  eq.  tin,  for  SnSj  +  2  Fe2CL,= 
SnCl,  -h  4  FeCl  -f  2  S.  The  results  obtained  by  Strombyer  are  quite 
natisfisu^tory. 

§  127. 
6.  Arsenious  Acid,  and  7.  Arsenic  Acid, 

a.  SoltUion. 

The  compounds  of  arsenious  and  arsenic  acids  which  are  not  soluble  in 
water  are  dissolved  in  hydrochloric  acid  or  in  nitrohydrochloric  acid. 
Some  native  arseniates  require  fusing  with  carbonate  of  soda.  Metallic 
arsenic,  sulphide  of  arsenic  and  metallic  arsenides  are  dissolved  in  fuming 
nitric  acid  or  nitrohvdrochloric  acid  ;  those  metallic  arsenides  which  are 
insoluble  in  these  menstrua  are  fused  with  carbonate  of  soda  and  nitrato 
of  potassa,  by  which  means  they  are  converted  into  soluble  arseniates  of 
the  alkalies  and  insoluble  metallic  oxides,  or  they  may  be  suspended  in 
potassa  solution  and  treated  with  chlorine  (§  164,  B,  7).  In  this  last 
laanner  too,  sulphide  of  arsenic,  dissolved  in  concentrated  potassa,  may 
be  very  eaaily  rendered  soluble.  All  solutions  of  compounds  of  arsenic 
which  have  been  effected  by  long  heating  with  fuming  nitric  acid,  or  by 
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wamung  with  excess  of  nitrolijdrochloric  acid,  or  cblorine,  contain 
arsenic  acid.  A  solution  of  arsenious  acid  in  hydrochloric  acid  cannot 
bo  concentrated  by  evaporation,  since  chloride  of  arsenic  would  escujie 
with  the  hydrochloric  acid  fumes.  This,  however,  less  readily  takes 
place  if  the  solution  contains  ai'senic  acid ;  it  is  advisable  in  all  cases 
where  a  hydrochloric  acid  solution  containing  ai'senic  is  to  be  concen- 
trated, previously  to  render  the  same  alkaline. 

h,  Determvnatian. 

Arsenic  is  weighed  as  arseniate  of  leadj  or  as  arseniate  of  magnesia 
and  ammoniay  or  as  arseniate  of  seequioxide  of  iron^  or  as  iersulphide  of 
arsenic.  The  determination  as  arseniate  of  magnesia  and  ammonia  is 
sometimes  preceded  by  precipitation  as  arsenio-molybdate  of  ammonia. 
Arsenic  may  be  estimated  also  in  an  indirect  way,  and  by  volumetric  methods. 

We  may  convert  into 

1.  Arseniate  op  Lead.  *     ' 

Arsenious  and  arsenic  acids  in  aqueous  or  nitric  acid  solution.  (Acids 
or  halogens  forming  fixed  salts  with  oxide  of  lead  or  metallic  lead,  must 
not  be  present.) 

2.  Arseniate  of  Magnesia  and  Ammonia. 

a.  ^y  Direct  Precipitation. 

Arsenic  acid  in  all  solutions  free  from  bases  or  acids  precipitable  by 
magnesia  or  ammonia. 

h.  Preceded  hy  Precipitation  as  Arsenio-Molyhdate  of  Ammonia. 

Arsenic  acid  in  all  cases  where  no  phosphoric  acid  is  present,  nor  any 
Rubstanco  by  which  molybdic  acid  is  decomposed. 

3.  Arseniate  of  Sesquioxide  of  Iron. 

Arsenic  acid  in  solutions  free  from  substances  precipitable  by  sesqui- 
chloride  of  iron  with  addition  of  ammonia  or  carbonate  of  baryta. 

4.  Tersulphide  of  Arsenic. 

All  compounds  of  arsenic  without  exception. 

Arsenic  may  be  determined  volu metrically  in  a  simple  and  exact  man- 
ner, whether  present  in  the  form  of  arsenious  acid  or  an  alkaline  ai*senite, 
or  as  arsenic  acid  or  an  alkaline  arseniate.  Tlie  volumetric  methods  have 
now  almost  entirely  supei-seded  the  indirect  gi-avimetric  methods  formerly 
employed  to  effect  the  estimation  of  arsenious  acid. 

1.  Determination  as  Arseniate  of  Lead. 

a.  Arsenic  Acid,  in  yiqueous  Solution. 

4.  weighed  portion  of  tlie  solution  is  put  into  a  platinum  or  porcelain 
dish,  and  a  weighed  amount  of  recently  ignited  pure  oxide  of  lead  added 
(about  five  or  six  times  the  supposed  quantity  of  ai'senic  acid  present)  ; 
the  mixture  is  cautiously  evaporated  to  di-yness,  and  the  residue  heateit 
to  gentle  redness,  and  maintianed  some  time  at  this  temperature.  TLu 
residue  is  arseniate  of  lead -f  oxide  of  lead.  The  quantity  of  arsenic  acid 
is  now  readily  found  by  subtracting  from  the  weight  of  the  residno  thai 
of  the  oxide  of  lead  added. 
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For  the  properties  of  arseniate  of  lead,  see  §  92.  T)io  results  are  per- 
fectly accurate,  provided  the  residue  be  not  heated  beyond  gentle  redness. 

b.  Arsenums  Acid  in  /Solution. 

Mix  the  solution  with  nitric  acid,  evaporate  to  a  small  bulk,  add  a 
vreighed  quantity  of  oxide  of  lead  in  excess,  evaporate  to  dryness,  and 
ignite  the  residue  most  cautiously  in  a  covered  crucible,  until  the  whole 
of  the  nitrate  of  lead  is  decomposed.  The  residue  consists  here  also  of 
arsenic  acid 4- oxide  of  lead.  This  method  requires  considerable  care  to 
guard  against  loss  by  decrepitation  upon  ignition  of  the  nitrate  of  lead. 

2.  Estimation  as  Arseniate  of  Magnesia  and  Ammonia^ 

a.  By  Direct  Precipitation. 

This  method,  which  was  firat  recommended  by  Levol,  presupposes 
that  the  whole  of  the  arsenic  is  contained  in  the  solution  in  the  form  of 
arsenic  acid.  Where  Jbhis  is  not  the  case,  the  solution  is  gently  heated, 
in  a  capacious  flask,  with  hydrochloric  acid,  and  chlorate  of  potassa  added 
in  small  portions,  until  the  fluid  emits  a  strong  smell  of  chlorous  acid ;  it 
is  then  allowed  to  stand  at  a  gentle  heat  until  the  odor  of  this  gas  is  nearly 
gone  off. 

The  arsenic  acid  solution  is  now  mixed  with  ammonia  in  excess,  which 
muflrt;  not  produce  turbidity,  even  after  standing  some  time ;  a  solution 
of  sulphate  of  magnesia  is  then  added,  containing  chloride  of  ammonium 
in  suflBcient  quantity  to  prevent  its  being  rendered  turbid  by  ammonia. 
(Tlie  best  way  is  to  keep  a  solution  of  sulphate  of  magnesia  mixed  with 
chloride  of  ammonium  and  ammonia  ready  prepared  in  the  laboratory — 
see  §  62,  6.)  The  fluid,  which  smells  strongly  of  ammonia,  is  allowed  to 
stand  12  hours  in  the  cold,  and  then  Altered  through  a  weighed  filter. 
The  precipitate  is  then  transferred  to  the  filter,  with  the  aid  of  portions 
of  the  filtrate  so  as  to  use  no  more  washing  water  than  necessary,  and 
washed  with  small  quantities  of  a  mixture  of  three  parts  water  and 
one  part  ammonia,  till  the  washings  on  being  mixed  with  nitiic  acid 
and  niti*ate  of  silver  show  only  a  slight  opalescence.  The  precipitate  is 
dried  at  105  to  110°,  and  weighed.  It  has  the  formula,  2  Mg  O,  N  H^ 
O,  AsO,-|-aq.* 

For  its  propei-tics,  see  §  92.  This  process  yields,  it  is  true,  satisfac 
tory  results,  but  they  are  still  always  somewhat  too  low,  as  the  preci[)i 
tate  is  perceptibly  soluble  even  in  ammoniacal  water.  The  error  may 
be  diminished  by  measuring  the  filtrate  (without  the  washings)  and  add- 
ing for  every  16  c.  c.  1  mgrm.  to  the  weight  found  of  the  precipitate. 
To  extend  the  correction  to  the  washings  is  inadmissible,  since  they 
cannot  be  regarded  as  a  saturated  solution. 

h.  Preceded  by  Precipitation  as  Arsenio-Mclybdate  of  Ammonia. 

Mix  the  acid  solution,  which  must  be  free  from  phosphoric  and  silicic 
acids,  with  an  excess  of  solution  of  molybdate  of  anmionia.  The  molyb- 
date  of  ammonia  solution  should  have  been  previously  mixed  with 
nitric  acid  in  excess,  and  the  whole  process  is  conducted  exactly  as  in  the 
case  of  phosphoric  acid — see  §  134,  5, 13.  Treat  the  arseniate  of  mag- 
nesia and  ammonia  thrown  down  from  the  ammoniacal  solution  of  the 

*  If  it  is  dried  in  a  water-bath,  the  drying  must  be  extremely  prolonged,  or  other- 
wise more  than  1  aq.  will  be  left.  After  brief  drying  in  the  water-  bath  the  com* 
poond  containB  between  1  and  8  eq.  water. 
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arsenio-molybdate  of  ammoiua  with  a  mixture  of  sulphate  4;f  magnesui 
and  chloride  of  ammonium,  as  iu  a.     Results  satis&ctory. 

3.  Estimation  as  Araeniate  of  Seaqutoonde  of  Iron, 
(Bebtuier  and  v.  Kobell's  method.) 

a.  The  Solution  contains  no  other  fixed  JBases  besides  Alkalies, 

Add  to  the  solution  a  measured  quantity  of  solution  of  sesquioxide  of 
iron  of  known  strength,  and  precipitate  with  ammonia.  (The  preci- 
pitate must  be  reddish  brown :  if  not  of  that  color,  it  is  a  sign  that  a 
sufficient  quantity  of  the  solution  of  sesquioxide  of  iron  has  not  been 
added.)  Allow  to  stand  some  time  at  a  gentle  heat ;  filter,  wash,  and 
dry  the  precipitate ;  then  expose  first  to  a  very  gentle  heat,  to  insure 
the  expulsion  of  the  ammonia  at  a  temperature  at  which  it  cannot  exer- 
cise a  reducing  action  upon  the  arsenic  acid  ;  after  a  time,  increase  the 
heat  gradually,  at  last  subjecting  the  residue  to  intense  ignition,  till  the 
weight  remains  constant.  The  i*esidue  is  basic  arseniate  of  sesquioxide 
of  iron  4-  sesquioxide  of  iron,  or  in  other  words,  sesquioxide  of  iron  4- 
arsenic  acid.  Deduct  from  the  weight  of  the  residue  the  weight  of  the 
sesquioxide  of  iron  added :  the  difference  expresses  the  quantity  of 
arsenic  acid  contained  in  the  analyzed  solution.  A  solution  of  sesqui- 
oxide of  iron  of  known  strength  for  the  above  purpose  is  best  prepared 
by  dissolving  fine  iron  wire  in  nitric  acid  by  the  aid  of  heat,  diluting 
suitably,  and  determining  the  sesquioxide  of  iron  in  10  c.c.  by  precipi- 
tation with  ammonia  (see  §  113,  1,  a).  The  presence  of  a  small  amount 
of  silicic  acid  in  the  solution  of  sesquioxide  of  iron  is  then  without 
injurious  influence,  since  the  same  is  weighed  with  the  iron  both 
in  the  determination  of  the  strength  of  the  solution  and  in  the  arsenic- 
estimation. 

h.   The  Solution  contains  other  fixed  leases  besides  Alkalies, 

The  preceding  method  of  Berthier  is  modified  by  v.  Kobell  as  fol- 
lows, provided  the  bases  present  in  the  solution  are  not  precipitated  by 
cai'bonate  of  baryta  in  the  cold.     The  solution  is  mixed  with  solution  of 
sesquioxide  of  iron  of  known  strength,  as  in  a,  but  instead  of  ammonia, 
carbonate  of  baryta  is  added  in  excess  (should  the  fiuid  contsvin  a  lai^ 
excess  of  free  acid,  it  is  advisable  to  nearly  neutralize  this  previously 
with  carbonate  of  soda ;  the  fiuid  must,  however,  still   remain  clear). 
The  mixture  is  then  allowed  to  stand  several  hours  in  the  cold,  and  the 
precipitate,  which   contains  the  whole  of  the  sesquioxide  of  iron,  the 
whole  of  the  arsenic  acid,  and  the  excess  of  cai'bonate  of  baryta,  is  washed 
with  cold  water,  first  by  decantation,  then  upon  the  filter,  dried,  gently 
ignited  for  some  time,  and  weighed.     The  residue  is  dissolved  in  hydro- 
chloric acid,  the  amount  of  baryta  contained  in  it  determined  by  means 
of  sulphuric  acid,  the  sulphate  of  baryta  obtained  calculated   to  car- 
bonate, and    the  calculated  weight,  together  with  the  known  weight  of 
the  sesquioxide  of  iron,  subtmcted  from  the  weight  of  the  original  rcsi 
due :  the  difierence  ex])ros8eB  the  quantity  of  ai*senic  acid  contained  in 
the  analyzed  solution.  This  method  presupposes  the  absence  of  sulphuric 
acid.     In  cases,  therefore,  \vhere  that  acid  is  present,  it  must  be  removed 
before  the  carbonate  of  baryta  can  oe  added  ;  which  is  efiected  by  pi*eci« 
pitating  with  chloride  of  barium,  and  filtering  off  the  precipitate. 
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4.  Determination  as  Teretdphiile  of  Arsenic. 

d.  Jn  Solutions  of  Arseniaus  Acid  or  Arsenites,  free  from  Arsenic 
Acid, 

Precipitate  with  sulphuretted  hydrogen^  and  expel  the  excess  of  the 
precipitant  by  carbonic  acid,  conducting  the  process  in  the  same  way  as 
with  antimony — see  §  125,  1.  Wash  the  precipitated  tersiilphide  of 
arsenic,  dry  at  100°,  and  weigh.  Particles  of  the  precipitate  adhe- 
ring so  firmly  to  the  glass  tube  that  mechanical  means  fail  to  remove 
them  are  dissolved  in  ammonia,  and  then  i*eprecipitated  by  hydrochloric 
acid.  For  the  properties  of  the  precipitate,  see  §  92.  The  results  ai-e 
accurate. 

If  the  solution  contains  a  substance  which  decomposes  sulphuretted 
hydrogen,  such  as  sesquioxide  of  iron,  chromic  acid,  &c.,  the  free  sul- 
phur which  precipitates  with  the  tersulphide  of  arsenic  destroys  the 
accuracy  of  the  results.  In  such  cases  the  precipitate  is  dissolved  in 
solution  of  potassa,  and  chlorine  transmitted  through  the  solution  (§ 
148,  II.  2,  b),  ]u  the  solution  produced,  which  contains  the  sulphur 
as  sulphuric  acid,  the  arsenic  as  arsenic  acid,  the  latter  is  determined  as 
in  2,  a ;  or  the  sulphuiic  acid  is  estimated,  the  quantity  found  calculated 
to  sulphur,  and  the  calculated  weight  of  the  latter  subtractea  from  that 
of  the  mixed  precipitate  of  tersulphide  of  arsenic  and  sulphur.  No  loss 
of  arsenic  by  volatilization  of  the  chlonde  takes  place  in  this  method  of 
oxidizing  the  sulphide  of  arsenic,  since  the  solution  remains  alkaline. 
The  object  may  also  be  conveniently  attained  by  the  use  of  nitric  acid.  A 
very  strong  fuming  acid,  of  8G°  boiling  point,  is  employed ;  an  acid  of 
1*42  sp.  gr.  which  boils  at  a  higher  temperature  does  not  answer  the  pur 
pose,  as  the  separated  sulphur  would  fuse,  and  its  oxidation  would  be  much 
retarded.  The  well-dried  precipitate  is  shaken  into  a  small  porcelain  dish, 
treated  with  a  tolerably  large  excess  of  the  fuming  nitric  acid,  the  dish  im- 
mediately covered  with  a  clock-glass,  and  as  soon  as  the  turbulence  of  the 
first  action  has  somewhat  abated,  heated  on  a  water-bath,  till  all  the 
sulphur  has  disappeared,  and  the  nitric  acid  has  evaporated  to  a  small 
volume.  The  filter  to  which  the  unremovable  traces  of  sulphide  of 
arsenic  adhere  is  treated  separately  in  the  same  manner,  the  complete 
destruction  of  the  organic  matter  being  finally  effected  by  gently  warm- 
ing the  somewhat  dilute  solution  with  chlorate  of  potassa  (Bunskn*). 
Or  the  filter  may  instead  be  extracted  with  ammonia,  the  solaciou 
evaporated  in  a  separate  dish,  and  the  residual  tersulphide  treated  as 
above.  In  the  mixed  solution  the  arsenic  acid  is  finally  pi*ecipitated  as 
araeniate  of  magnesia  and  ammonia  (§  127,  2).  Treatment  of  the  impure 
precipitate  with  ammonia,  whereby  the  sulphide  is  dissolved,  and  the 
sulphur  is  supposed  to  i*emain  behind,  only  gives  approximate  results,  as 
the  aramoniacal  solution  of  tei*sulphide  of  arsenic  takes  up  a  little  sul- 
phur. Small  qiiantities  of  admixed  free  sulphur  may  be  also  removed 
without  difficulty  by  bisulphide  of  carbon;  but  I  cannot  recommend 
this  method  where  large  quantities  of  sulphur  are  to  be  exti*acted.  If 
the  precipitate  is  moist,  before  using  this  solvent,  the  water  should  bo 
got  rid  of  by  twice  treating  with  absolute  alcohol. 

6.  Jn  Solutions  of  Arsenic  Acid  or  ArseniateSy  or  of  a  mixtu/re  of  lh4 
Oxides  of  Arsenic, 

*  AnnaL  d.  Chem.  n.  Pharm.  106, 10. 
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Heat  the  solution  in  a  flask  (preferably  on  an  iron  plate)  to  about  70^, 
and  conduct  sulphuretted  hydrogen  at  the  same  time  into  the  fluid,  as 
long  as  precipitation  take  place.  The  precipitate  formed  is  always  a 
mixture  of  siilphur  and  tersulphide  of  arsenic,  since  the  arsenic  acid  is 
first  reduced  to  arsenious  acid  with  separation  of  sulphur,  and  then  the 
former  is  decomposed  (H.  Rose*), 

Only  in  the  case  when  a  sulphosalt  containing  pentasulphide  of  ai'senic 
is  decomposed  with  an  acid,  is  the  precipitate  actually  pentasulphide, 
wind  not  merely  a  mixture  of  sulphur  with  tersulphide  (A.  Fuchs  f). 
Whichever  may  be  the  constitution  of  the  precipitate,  either  the  arsenic 
or  the  sulphur  in  it  must  be  determined,  after  drying  and  weighing, 
by  one  of  the  methods  given  in  4,  a, 

6.  Volumetric  Methods. 

a.  Meiliod  which  presupposes  the  presence  of  Arsenious  Add, 

Bunsen's  method.J  If  bichromate  of  potassa  is  boiled  with  coucen 
trated  hydrochloric  acid,  3  eq.  chlorine  ai^  disengaged  to  every  2  eq. 
chromic  acid  (2  Cr  0,-f  6  H  Cl=Cr,  CI, +  3  01+6  H  ()).  But  if 
arsenious  acid  is  present  (not  in  excess)  there  is  not  the  quantity  of 
chlorine  disengaged  con'esponding  to  the  chromic  acid,  but  so  much  leas 
of  that  element  as  is  required  to  convert  the  arsenious  into  arsenic  acid 
(As  03+-2  01+2  H  0=As  0,-f  2  H  01).  Oonsequently,  for  every  2 
eq.  chlorine  wanting  is  to  be  reckoned  1  eq.  arsenious  acid.  The  quan- 
tity of  chlorine  is  estimated  as  directed  130,  I.  (/,  3. 

h.  Method^  which  presupposes  the  presence  of  Arsenic  Acid. 

This  method  depends  on  the  precipitation  of  the  arsenic  acid  by  uranium 
solution  and  the  recognition  of  the  end  of  the  reaction  by  means  of  ferro- 
cyanide  of  potassium.  It  is  therefore  the  same  as  was  suggested  for  phos- 
phoric acid  by  Leconte,  and  brought  into  use  by  Neubauek,  §  and  after- 
wards by  PiNCUS.  II 

BoDEKER,^  who  first  employed  the  process  for  arsenic  acid,  recommends 
the  employment  of  a  solution  of  nitrate  of  sesquioxide  of  uranium,  as  this 
is  more  permanent  than  the  hitherto  used  acetate,  which  is  gradually 
decomposed  by  the  action  of  light. 

The  uranium  solution  has  the  correct  degree  of  dilution,  if  it  contains 
about  20  grm.  sesquioxide  of  uranium  in  1  litre.  It  should  contain  as  little 
free  acid  as  ])08sible.  The  determination  of  its  value  may  be  cfiected 
with  the  aid  of  pure  arseniate  of  soda  or  by  means  of  arsenious  acid, — the 
latter  is  converted  into  arsenic  acid  by  boiling  with  fuming  nitric  acid. 
The  solution  is  rendered  strongly  alkaline  with  ammonia,  and  then  dis- 
tinctly acid  with  acetic  acid.  The  uranium  solution  is  now  run  in  from 
the  burettt^  slowly,  the  liquid  being  well  stirred  all  the  while,  till  a  di-opof 
the  mixture  spread  out  on  a  porcelain  plate,  gives  with  a  drop  of  ferro- 
cyanide  of  potassium  placed  in  its  centre,  a  distinct  reddish  brown  line 
where  the  two  fluids  meet.  The  height  of  the  fluid  in  the  burette  is  now 
read  off*,  the  level  of  the  mixture  in  the  beaker  is  marked  with  a  strip  of 
gummed  paper,  and  the  beaker  is  emptied  and  washed,  filled  with  watet 

,  _-----  ■■■■  I  ■  ■         -■■■-  M         —   ■  — ^^.^      ■        m  ^m^^^^t^ 

*  Pogg.  Annal.  107,  186.  f  Zeitschrift  f.  anal.  Ghem.  1,  189. 

Annal.  d.  Ghem.  n.  Pbarxn.  86,  200. 
Archiy.  f iir  wissenschaftliche  Heilknnde,  Bd.  iv.  S.  238. 
Joum.  t  prakt  Ghem.  70,  104.       ^  AnnaL  d.  Ghem.  n.  Phann.  117, 196. 
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with  addition  of  about  as  much  ammonia  and  acetic  B.cid  as  was  befor« 
employed,  and  the  uranium  solution  is  cautiously  dix)pped  in  from  the 
burette,  till  a  drop  taken  out  of  the  beaker  and  tested  as  above,  gives  an 
equally  distinct  border-line.  The  quantity  of  uranium  solution  used  in 
this  last  experiment  is  the  excess,  which  must  be  added  to  make  the  end- 
reaction  plain  for  the  dilution  adopted.  This  amount  is  subtracted  from 
that  used  in  the  first  experiment,  and  we  then  know  the  exact  value  of 
the  uranium  solution  with  reference  to  arsenic  acid. 

In  an  actual  analysis,  the  arsenic  is  first  brought  into  the  form  of  arsenic 
acid,  a  clear  solution  is  obtained  containing  acetate  of  ammonia  and  some 
free  acetic  acid,*  and  the  process  is  conducted  exactly  as  in  determining 
the  value  of  the  standard  solution.  The  experiment  to  ascertain  the  cor* 
rection  must  not  be  omitted  here,  otherwise  errors  are  sure  to  arise  from 
the  different  degrees  of  dilution  of  the  arsenic  acid  solutions  used  in  the 
determination  of  the  value  of  the  standard  solution  and  in  the  actual 
analyses.  The  results  of  two  determinations  of  arsenic  given  by  Bodeker 
are  satisfactory.     To  execute  the  method  well  reqtiires  practice. 

6.  Estimation  of  Arseiiious  Acid  hy  Indirect  Chavimetric  Analj/ais, 

a.  Rose's  method.  Add  to  the  hydrochloric  acid  solution,  in  the  pre- 
paration of  which  care  must  be  taken  to  exclude  oxidizing  substances,  a 
solution  of  sodio-  or  aramonio-terchloride  of  gold  in  excess,  and  digest  the 
mixture  for  several  days,  in  the  cold,  or,  in  the  case  of  dilute  solutions, 
at  a  gentle  warmth  ;  then  weigh  the  separated  gold  as  directed  in  §  123. 
Keep  the  filtrate  to  make  quite  sure  that  no  more  gold  will  seiiarate.  2 
eq.  gold  correspond  to  3  eq.  ai-senious  acid. 

b.  VoHL'sf  method.  Mix  the  solution  under  examination  with  a 
weighed  quantity  of  bichromate  of  potassa,  and  free  sulphuric  acid ; 
estimate  the  chromic  acid  still  present  by  the  method  given  in  §  130,  c, 
and  deduce  from  the  quantity  of  that  acid  consumed  in  the  process,  i.  e,, 
reduced  by  the  arsenious  acid,  the  quantity  of  the  latter,  after  the  for- 
mula 3  As  03+4  Or  0^=3  As  0^+2  Or,,  O3. 

Supplement  to  the  Sixth  Group. 

§  128. 

8.  MoLYBDic  Acid. 

Molybdic  acid  is  converted,  for  the  purpose  of  its  estimation,  eithet 
into  binoxide  of  molybdenum,  or  into  molybdate  of  lead,  or  into  bisul- 
phide of  molybdenum. 

a.  Pure  molybdic  acid  (Mo  O.,),  and  also  molybdate  of  ammonia,  may 
be  reduced  to  binoxide  by  heating  in  a  current  of  hydrogen  gas.  This 
may  be  done  either  in  a  porcelain  boat,  placed  in  a  wide  glass  tube,  or 
in  a  platinum  or  porcelain  crucible  with  perforated  cover  (§  108,  fig.  47, 
p.  181).  The  operation  is  continued  till  the  weight  remains  constant. 
The  temperature  must  not  exceed  a  gentle  redness,  otherwise  the  binox- 
ide itself  might  lose  oxygen  and  become  partially  convei*ted  into  metal. 

^  Alkalies,  alkaline  earths  and  oxide  of  zinc  may  be  present,  but  not  saoh  metali 
wm  yiold  colored  precipitates  with  ferrocyanide  of  potassium,  as,  for  inatanoe. 


't  Anal  d.  Chem.  u.  Pharm.  94,  219. 
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In  the  case  of  inolybdate  of  ammonia  the  beat  must  be  veiy  low  at  first  OD 
accjount  of  tie  frothing. 

5.  The  following  is  the  best  method  of  precipitating  molybdic  acid  from 
an  alkaline  solution.  Dilute  the  solution,  if  necessary,  neutralize  the 
free  alkali  with  nitric  acid,  and  allow  the  carbonic  acid,  which  may  be 
liberated  in  the  process,  to  escape,  then  add  solution  of  neutittl  nitrate 
of  suboxide  of  mercury.  The  yellow  precipitate  formed  appears  at  first 
bulky,  but  after  several  hours'  standing  it  shrinks ;  it  is  insoluble  in  the 
tiuid,  which  contains  an  excess  of  nitrate  of  suboxide  of  mercuiy.  Col- 
lect the  precipitate  on  a  filter,  and  wash  with  a  dilute  solution  of  nitrate 
of  suboxide  of  mercury,  as  it  is  slightly  soluble  in  pure  water.  Dry, 
remove  the  dry  precipitate  as  completely  as  pi*acticable  from  the  filter, 
and  determine  the  molybdenum  in  it  as  directed  ina  (H.  Hose)  ;  or  mix 
the  precipitate,  together  with  the  filter-ash,  with  a  weighed  quantity  of 
ignited  oxide  of  lead,  and  ignite  until  all  the  mercury  is  expelled ;  then  add 
some  nitrate  of  ammonia,  ignite  again  and  weigh.  The  excess  obtained, 
over  and  above  the  weight  of  the  oxide  of  lead  used,  is  molybdic  acid 
(Seligsohn*). 

c.  The  precipitation  of  molybdenum  as  sulphide  is  always  a  difiicult 
operation.  If  the  acid  solution  is  supei-saturated  with  sulphuretted 
hydrogen,  warmed,  and  filtered,  the  filti-ate  and  washings  are  generally 
still  colored.  They  must,  accordingly,  be  warmed,  and  sulphuretted 
hydrogen  again  added,  and  the  operation  must  afterwards,  if  ueccss^ry, 
be  repeated  until  the  washings  appear  almost  colorless.  The  pre«?ipita- 
tion  succeeds  better  when  the  sulphide  of  molybdenum  is  dis-solved  in  a 
relatively  large  excess  of  sulphide  of  ammonium,  and,  after  the  fluid  has 
acquired  a  reddish-yellow  tint,  precipitated  with  hydrochloric  acitL 
Zenker  f  advises  then  to  boil,  until  the  sulphuretted  hydrogen  is  ex- 
pelled, and  to  wash  with  hot  water,  at  firat  slightly  acidified.  The  browai 
sulphide  of  molybdenum  is  collected  on  a  weighed  filter,  and  the  molyb- 
denum determined  in  an  aliquot  part  of  it,  by  gentle  ignition  in  a  cur- 
i*eut  of  hydrogen  gas,  as  in  a.  The  brown  sulphide  of  molybdenum 
changes  in  this  process  to  the  gray  bisulphide  (H.  Rose). 

ir.  DETERMIXATIOX  OF  ACIDS  IN  COMPOUNDS  CONTAINING 
ONLY  ONE  ACTD,  FREE  OR  COMBINED;— AND  SEPARATION  OF 
ACIDS  FROM  BASES. 

FIRST   GROUP. 

JFlrst  Division. 

Arsenious  Acid  —Arsenic  Acid — Chromic  Acid — (Selenious  Acid 
Sulphurous  and  Hyposulphurous  Acids,  Iodic  Acid,  Nitrous  Acid). 

§  129. 

I.  Arsexious  and  Arsenic  Acids. 

These  have  been  already  treated  of  among  the  bases  (§  127)   on  ao- 
oonnt  of  their  behavior  with  sulphuretted  hydrogen ;  they  are  merely 


*  Joom.  f .  ]>rakt.  Chem.  67,  472.  f  ^^  ^^>  ^^ 
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mentioned  here  to  indicate  the  place  to  which  they  properly  belong. 
The  methods  of  separating  them  from  the  bases  will  be  found  in  Sec> 
tionV. 

§  130. 

2.  Chromic  Aoid. 

1.    Determination. 

Chromic  acid  is  determined  either  in  the  form  of  sesquvoxide  of  ckro- 
fniunij  or  in  that  of  ckromcUe  of  had.  But  it  may  be  estimated  also 
from  the  quantity  of  carbonic  acid  disengaged  by  its  action  upon  oxalic 
acid  in  excess,  and  also  by  volumetric  analysis.  In  employing  the  first 
method,  it  must  be  borne  in  mind  that  1  eq.  sesquioxide  of  chromium 
corresponds  to  2  eq.  chromic  acid. 

a.  Determination  as  Sesquioxide  of  Chromium. 

a.  The  chromic  acid  is  reduced  to  the  state  of  sesquioxide,  and  the 
amount  of  the  latter  determined  (§  106).  The  reduction  is  ejected  either 
by  heating  the  solution  with  hydrochloric  acid  and  alcohol ;  or  by  mixing 
hydrochloric  acid  with  the  solution,  and  conducting  sulphuretted  hydrogen 
into  the  mixture ;  or  by  adding  a  strong  solution  of  sulphurous  acid,  and 
applying  a  gentle  heat.  With  concentrated  solutions  the  first  method  is 
generally  resoi-ted  to,  with  dilute  solutions  one  of  the  two  latter.  With 
respect  to  the  first  method,  I  have  to  remark  that  the  alcohol  must  be 
expelled  before  the  sesquioxide  of  chromium  can  be  precipitated  with 
ammonia ;  and  with  respect  to  the  second,  that  the  solution  supei*satu rated 
with  sulphuretted  hydrogen  must  be  allowed  to  stand  in  a  moderately 
warm  place,  until  the  separated  sulphur  has  completely  subsided.  The 
results  are  accurate. 

3.  The  neutral  or  slightly  acid  (nitric  acid)  solution  is  precipitated 
with  nitrate  of  suboxide  of  mercury,  the  red  precipitate  of  chi'omate  of 
suboxide  of  mercury  filtered  off,  washed  with  a  dilute  solution  of  nitrate 
of  suboxide  of  mercury,  dried,  ignited,  and  the  residuary  sesquioxide  of 
chromium  weighed  (H.  Hose). 

h.  Determination  as  ChromcUe  of  Dead, 

The  sohition  is  mixed  with  acf^tate  of  soda  in  excess,  and  acetic  acid 
added  until  the  reaction  is  strongly  acid ;  the  solution  is  then  precipitated 
with  neutral  acetate  of  lead.  The  washed  precipitate  is  either  collected 
on  a  weighed  filter,  dried  in  the  water-bath,  and  weighed ;  or  it  is  gently 
ignited  as  directed  §  53,  and  then  weighed.  For  the  properties  of  the 
precipitate,  see  §  93, 2.     The  residts  are  accurate. 

c.  Determifiation  hy  means  of  Oxalic  Acid  (after  Vohl). 

When  chromic  acid  and  oxalic  acid  are  brought  together,  the  former 
yields  oxygen  to  the  latter  :  sesquioxide  of  chromium  is  formed,  and  car- 
bonic acid  escapes  (2  Or  O3  -f  3  C,  O;,  ==  Cr^  0,  +  6  C  O,).  Tliree  eq. 
carbonicacid  (66)  correspond  accordingly  to  one  eq.  chromic  acid  (50*24). 
The  modus  operandi  is  the  same  as  m  the  analysis  of  manganese  oi*es 
(§  215).  1  part  of  chromic  acid  requires  2  J  pai-tsof  oxalate  of  soda.  If 
it  is  intended  to  determine  in  the  residue  the  alkali  which  was  combined 
with  the  chromic  acid,  oxalate  of  ammonia  is  used. 
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d.  DetermincUion  hy  Volumetric  Arudysia, 

a.  ScHWARz's  metliod. 

Tlifi  principle  of  this  very  accurate  method  is  identical  witli  that  upon 
which  Penny's  method  of  determimng  ii*on  is  based  (§  112,  2,  h).  The 
execution  is  simple  :  acidify  the  not  too  dilute  solution  of  the  chromate 
with  sulphuric  acid,  add  in  excess  a  measured  quantity  of  solution  of  prot- 
oxide of  iron,  the  strength  of  which  you  have  previously  ascertained, 
according  to  the  directions  of  §  112,  2,  a,  or  6,  or  the  solution  of  a  weighed 
quantity  of  sulphate  of  protoxide  of  iron  and  ammonia,  free  from  sesqui- 
oxide,  and  then  determine  in  the  manner  directed  §  1 1 2,  2,  a,  or  6,  the 
quantity  of  protoxide  of  iron  remaining.  The  difference  shows  the  amount 
of  iron  that  has  been  converted  by  the  chromic  acid  from  the  state  of  prot- 
oxide to  that  of  sesquioxide.  1  gnn.  of  iron  corresponds  to  0*5981  of 
chromic  acid.  To  determine  the  chromic  acid  in  chromate  of  lead,  the 
latter  is,  after  addition  of  the  sulphate  of  protoxide  of  iron  and  ammonia, 
most  thoroughly  triturated  with  hydrochloric  acid,  water  added,  and  the 
analysis  then  proceeded  with. 
/3.  Bunsen's  method.* 

If  a  chromate  is  boiled  with  an  excess  of  fuming  hydrochloric  aciJ, 
there  are  disengaged  for  every  2  eq.  chromic  acid  3  eq.  chlorine;  for 
instance,  K  0, 2  Or  (X,  -h  7  H  CI  ==  K  CI  -f-  Cr„  CI,  -f-  7  H  O  +  3  CI.  If  the 
escaping  gas  is  conducted  into  solution  of  iodide  of  potassium  in  excess, 
the  3  eq.  chlorine  set  free  3  eq.  iodine.  By  determining  the  quantity  of 
the  latter  element  in  the  manner  described  in  §  146,  we  find  the  quantity 
of  the  chromic  acid;  381  of  iodine  corresponding  to  100*48  of  chromic 
acid. 

The  analytical  process  is  conducted  as  follows : — Put  the  weighed 
sample  of  the  chromate  (say  '3  to  '4  grm.)  into  the  little  flask  J,  fig.  51, 
(blown  before  the  lamp,  and  holding  only  from  36  to  40  c.  c),  fill  the 

fiask  to  two-thirds  with  pure 
filming  hydrochloric  acid 
(free  from  CI  and  S  O^)  and 
connect  the  bulbed  evolution 
tube  a  vAih.  the  neck  of  the 
flask  by  means  of  a  stout 
tight-closing  vulcanized  in- 
dia-rubber tube  c.  A  s  shown 
in  the  engraving,  a  is  a  bent 
pipette,  drawn  out,  at  the 
lower  end,  into  an  upturned 
point.  A  loss  of  chlorine 
need  not  be  apprehended  on 
adding  the  hydrochloric  acid,  as  the  disengagement  of  that  gas  begins  only 
upon  the  application  of  heat.  Insert  the  evolution  tube  into  the  neck  of 
the  retort,  which  is  one-third  filled  with  solution  of  iodide  of  potassium. f 
This  retort  holds  about  160  c.  c.  The  neck  presents  two  small  exj^au 
sions,  blown  before  the  lamp,  and  intended,  the  lower  one,  to  receive  the 
Hquid  which  is  forced  up  during  the  operation,  the  upper  one,  to  serve  as 


Fijr.  51. 


♦  AnnaL  d.  Chem.  n.  Pharm.  86,  279. 

f  1  part  of  pure  iodide  of  potassiam.  free  fiom  iodic  acid,  dissolved  in  10  parte  of 
water.  The  fluid  must  show  no  brown  tint  .mmediately  after  addition  of  hydro- 
chloric acid. 
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an  additioiud  guard  against  spirting.  Apply  heat  noW,  cautiously,  to  the 
little  flask.  After  two  or  three  minutes'  ebullition,  the  whole  of  the 
chl  orine  has  passed  over,  and  liberated  its  equivalent  quantity  of  iodine  in 
the  iodide  of  potassium  solution.  When  the  ebullition  is  at  an  end,  take 
hold  of  the  caoutchouc  tube  c  with  the  left  hand,  and,  whilst  steadily 
holding  the  lamp  under  the  flask  with  the  right,  lift  a  so  far  out  of  the 
retort  that  the  curved  point  ia  in  the  bulb  b.  Now  remove  first  the  lamp, 
then  the  flask,  dip  the  retort  in  cold  water,  to  cool  it,  and  shake  the  fluid 
in  it  about  to  eflect  the  complete  solution  of  the  separated  iodine  in  the 
excess  of  iodide  of  potassium  solution.  When  the  fluid  is  quite  cold, 
transfer  it  to  a  beaker,  rinsing  the  retort  into  the  beaker,  and  proceed  as 
directed  §  146.  The  method  gives  very  satisfactoiy  results.  The  appa- 
ratus here  recommended  diflers  slightly  from  that  used  by  Bunsex,  the 
retort  of  the  latter  having  only  one  bulbou^  expansion  in  the  neck,  and 
the  evolution  tube  no  bulb,  being  closed  instead,  at  the  lower  end,  by  a 
glass  or  caoutchouc  valve,  which  permits  the  exit  of  the  gas  from  the  tube, 
but  opposes  the  entrance  of  the  fluid  into  it.  I  think  the  modifications 
which  I  have  made  in  Bunsen's  apparatus  are  calculated  to  facilitate  the 
success  of  the  operation. 

II.  Separation  op  Chromic  Acid  from  the  Bases. 

a.  Of  the  First  Group 

oe.  Reduce  the  chromic  acid  as  directed  in  I.,  and  separate  the  sesqui- 
Dxide  of  chromium  from  the  alkalies  as  directed  in  §  155. 

3.  Mix  the  chromate  of  potassa  or  soda  with  about  2  parts  of  dry 
pulverized  chloride  of  ammonium,  and  heat  the  mixture  cautiously. 
The  residue  contaiQS  the  chlorides  of  the  alkali  metals  and  sesquioxide 
of  chromium,  which  may  be  separated  by  means  of  water. 

y.  Chromate  of  ammonia  is  reduced  to  sesquioxide  of  chromium  by 
cautious  ignition.  The  ammonia  is  estimated  in  a  separate  poii;ion  ac- 
cording to  §  99,  3. 

6.  Op  the  Second^  Group. 

a.  Fuse  the  compound  under  examination  with  4  parts  of  carbonate 
of  soda  and  potassa,  and  treat  the  fused  mass  with  hot  water,  which  dis- 
solves the  chromic  acid  in  the  form  of  an  alkaline  chromate.  The  resi- 
due contains  the  alkaline  earths  in  the  form  of  carbonates ;  but  as  the}' 
contain  alkali,  they  cannot  be  weighed  directly.  Tlie  chromic  acid  in  the 
solution  is  determined  as  in  I.  Chromate  of  baryta  (and  doubtless  also 
the  chromates  of  strontia  and  lime)  may,  as  shown  by  H.  Rose,*  be 
readily  and  completely  decomposed  by  simple  boiling  with  an  excess  of 
solution  of  carbonate  of  potassa  or  soda. 

a3.  Dissolve  in  hydrochloric  acid,  reduce  the  chromic  acid  according  to 
the  directions  of  I.,  a,  and  separate  the  sesquioxide  of  chromium  from 
the  alkaline  eai*th  according  to  §  156. 

-y.  Chromate  of  magnesia*  as  well  as  other  chromates  of  the  alkaline 
earths  soluble  in  water  may  be  easily  decomposed  also,  by  determining 
the  chromic  acid  according  to  I.,  a,  j3,  or  I.,  by  and  separating  the  mag- 
nesia^ &c.y  in  the  filti'ate  from  the  excess  of  the  salt  of  mercury  or  lead 
m»  directed  §  162. 

*  Jonm.  f.  prakt.  Chem.  66, 166. 
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S,  Chromates  of  baryta,  strontia,  and  lime  may  also  be  decompoBed  by 
the  method  described  II.,  Oy  jS.  Compare  Bahk,  analysis  of  bichromata 
of  baryta,  lime,  &c.* 

c.  Op  the  Third  Group. 

a.  JfVam  Alumina. 

Precipitate  the  alumina  by  ammonia  or  carbonate  of  ammonia  (§  105), 
snd  determine  the  chromic  acid  in  the  filtrate  according  to  the  directioni 
given  in  I.  (compare  also  §  157). 

^.  JFVam  Sesquioonde  of  Chromittm, 

aa.  Determine  in  one  portion  the  quantity  of  the  chromic  acid  accord- 
ing to  I.,  c,  or  I.,  d,  ex,  or  13,  and  in  another  portion  the  total  amount  of 
the  chromium,  by  converting  it  all  into  either  sesquioxide  or  chromic 
acid.  The  entire  conversion  of  the  substance  into  sesquioxide  may  br 
efiected  either  by  cautious  ignition  with  chloride  of  ammonium,  or  ac 
cording  to  I.,  a, — into  chromic  acid  according  to  §  106,  2. 

bb.  In  many  cases  the  chromic  acid  may  be  precipitated  according  to 
I.,  a,  /3,  or  I.,  b.  The  sesquioxide  of  chromium  and  suboxide  of  mercury, 
or  oxide  of  lead,  in  the  filtrate,  are  separated  as  directed  §  1G2. 

cc.  The  hydi-ated  compounds  of  sesquioxide  of  chromium  with  chromic 
acid,  such  as  are  obtained  by  precipitating  a  solution  of  sesquioxide  of 
chromium  with  a  solution  of  chromate  of  potassa,  t&c,  may  also  be  ana- 
lyzed by  ignition  in  a  stream  of  dry  air,  the  apparatus,  fig.  25,  p.  45, 
being  employed.  The  loss  of  weight  of  the  bulb-tube  represents  the 
joint  amount  of  oxygen  and  water  that  have  escaped.  If  the  increment 
of  tho  Ca  CI  tube  is  deducted,  we  shall  have  the  oxygen.  Now  every 
3  eq.  oxygen  correspond  to  2  eq.  of  chromic  acid.  The  amount  of  the 
latter  being  thus  calculated,  we  have  only  to  6ubti*act  its  equivalent 
quantity  of  sesquioxide  from  the  weight  of  residue  after  the  ignition, 
and  the  remainder  is  the  quantity  of  sesquioxide  originally  present. 
YooEL  f  and  also  Storer  and  Elliot  J  have  employed  this  method. 

d.  Of  the  Fourth  Group.  * 

a.  Proceed  as  directed  in  by  a.  Upon  treating  the  fused  mass  with 
hot  water,  the  metals  are  left  as  oxides.  In  the  case  of  manganese  the 
fusion  must  be  efiected  in  an  atmosphere  of  carbonic  acid  gas.  Appara- 
tus, fig.  47  in  8  108. 

|3.  Reduce  the  chromic  acid  as  directed  in  I.,  a,  and  separate  the  ses- 
quioxide of  chromium  from  the  metals  in  question,  as  directed  in  §  160, 

e.  Op  the  Fifth  and  Sixth  Groups. 

a.  Acidify  the  solution,  and  precipitate,  either  at  once  or  after  pre> 
vious  reduction  of  the  chromic  acid  by  sulphurous  acid,  with  sulphuret- 
ted hydrogen.  The  metals  of  the  fifth  and  sixth  groups  pi-ecipitate  in 
conjunction  with  free  sulphur  (§§  115  to  127),  the  chromic  acid  is 
reduced.  Flter  and  determine  the  sesquioxide  of  chromium  in  the  fil- 
trate, as  directed  in  I.,  a. 

0.  Chromate  of  lead  may  be   conveniently  decomposed  by  heating 

*  Joorn.  f  .  prakt  Chem.  60,  60. 

+  Ibid.  77,  484. 
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with  hydrochloric  acid  and  some  alcohol ;  the  chloride  of  lead  and  sea- 
qoichloride  of  chromium  formed  are  subsequently  separated  by  meant 
of  alcohol  (compare  §  162).  The  alcoholic  solution  ought  always  to  hi 
tested  with  sulphuric  acid ;  should  a  precipitate  of  sulphate  of  lead  form, 
this  must  be  filtei'ed  off,  weighed,  and  taken  into  account  (compei*e  also 
8 130,  L,  d). 

Supplement  to  the  Firet  Divinon. 

§131. 

1.  Selbitious  Acid. 

From  aqueous  or  hydrochloric  acid  solutions  of  selenious  acid,  the  sele- 
nium is  precipitated  by  sulphurous  acid  gas  or,  in  presence  of  an  excess 
of  acid,  by  sulphite  of  soda,  or  sulphite  of  ammonia.  If  the  solution 
contains  nitric  acid,  this  must  be  removed  first  by  evapoi*ation  with 
hydrochloric  acid.  The  precipitated  liquid  is  heated  to  boiling  for  \ 
hour,  which  changes  the  precipitate  from  its  original  red  color  to  black, 
and  makes  it  dense  and  heavy.  The  liquid  is  tested  by  a  further  addi- 
tion of  the  reagent  to  see  whether  any  more  selenium  will  separate ;  the 
precipitate  is  finally  collected  on  a  weighed  filter,  dried  at  a  temperatui*e 
somewhat  below  100^,  and  weighed.  Since  H.  Rose  *  has  shown  that 
the  presence  of  hydrochloric  acid  is  an  essential  condition  to  the  com- 
plete reduction  of  the  selenious  acid,  the  former  acid  must  be  added,  if 
not  already  present.  To  make  quite  sure  that  all  the  selenium  has 
been  removed,  the  filtrate  is  evaporated  to  a  small  volume,  boiled  with 
strong  hydrochloric  acid,  so  as  to  reduce  any  selenic  acid  to  selenious 
iu:id,  and  tested  once  more  with  sulphurous  acid. 

Ajb  regards  the  separation  of  selenious  acid  from  the  bases,  the  follow- 
ing brief  directions  will  suflfice: — 

a.  If  the  bases  are  not  Uable  to  be  altered  by  the  action  of  sulphurous 
acid  and  hydrochloric  acid,  the  selenium  may  be  at  once  precipitated  in 
the  way  just  given ;  the  filtrate,  when  evaporated  with  sulphuric  acid, 
yields  the  base  as  sulphate. 

6.  From  bases  which  are  not  thrown  down  from  acid  solution  by 
hydrosulphuric  acid,  the  selenious  acid  may  be  separated  by  sulphuretted 
hydrogen.  The  precipitate  is,  according  to  H.  E.OSE,  a  mixture  of  1  eq. 
selenium  with  2  eq.  sulphur.  If  it  is  dried  at  or  a  little  below  100°, 
the  weight  of  the  selenium  may  be  accurately  ascertained.  Should,  how- 
ever, extra  sulphur  be  mixed  with  the  pi-ecipitate,  the  latter  is  oxidized 
while  still  moist  with  hydrochloric  acid  and  chlorate  of  potassa,  or  by 
treatment  wich  potassa  solution  with .  simultaneous  heating  and  trans- 
mission of  chlorine.  It  is  necessary  here  to  oxidize  the  sulphur  com- 
pletely, as  it  may  inclose  selenium.  The  solution  now  containing  selenic 
acid  is  heated  until  it  smells  no  longer  of  chlorine,  hydrochloric  acid  va 
added,  and  the  mixture  is  reheated.  The  selenic  acid  is  hereby  reduced 
to  SAlenious  acid,  and  when  the  solution  has  again  ceased  to  smell  of 
chlorine,  the  selenium  is  precipitated  with  sulphurous  acid. 

e.  In  many  nelenites  or  selenates  the  selenium  may  also  be  deti;rmined, 
by  converting  first  into  selenocyanide  of  potassium,  and  precipitating 
the  aqueous  solution  of  the  latter  with  hydrochloric  acid  (Oppenheik  f  )• 

•  Zflitachzift  1  analyt  Ghem.  1,  73.  f  Journ  f.  piukt.  Chem.  71,  280. 
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To  thia  end  the  substance  is  mixed  with  7  or  8  times  its  quantity  of  ordi* 
naiy  cyanide  of  potassium  (containing  cyanic  acid),  the  mixture  is  pui 
into  a  long-necked  flask,  or  a  porcelain  crucible,  covered  with  a  layer  of 
cyanide  of  potassium,  and  fused  in  a  stream  of  hydrogen.  The  tempera- 
ture is  kept  so  low  that  the  glass  or  porcelain  is  not  attacked,  and  while 
cooling  care  must  be  taken  to  exclude  atmospheric  air.  When  cold,  th« 
brown  mass  is  treated  with  water,  and  the  colorless  solution  filtered,  if 
necessary.  The  liquid  should  be  somewhat  but  not  immoderately  diluted. 
Now  boil  some  time  (in  order  to  convert  the  small  quantity  of  selenide 
of  potassium  that  may  be  present  into  selenocyanide  of  potassium  by  the 
excess  of  cyanide  of  potassium),  allow  to  cool,  supersaturate  with  hydro- 
chloric acid,  and  heat  again  for  some  time.  At  the  end  of  12  or  24 
hours  all  selenium  will  have  separated,  filter,  diy  at  100°,  and  weigh* 
The  results  obtained  by  this  process  are  accurate  (H.  BosE  *). 

If  the  selenium  agglomerates  together  on  heating,  it  may  inclose  salts. 
In  such  cases,  by  way  of  control,  it  should  be  redissolved  in  nitric  acid, 
and,  after  addition  of  hydrochloric  acid,  precipitated  with  sulphurous  acid. 
The  fluid  filtei'ed  off  from  the  selenious  precipitate  is,  as  a  rule,  fi*ee  from 
selenium  ;  it  is,  however,  always  well  to  satisfy  one^s  self  on  thifi  point 
by  the  addition  of  sulphurous  acid. 

d.  From  many  bases  the  selenious  acid  (and  also  the  selenic  acid)  may 
be  separated  by  fusing  the  compound  with  2  parts  of  carbonate  of  boda 
and  1  part  of  nitrate  of  potassa,  extracting  the  fused  mass  thoroughly 
by  boiling  with  water,  saturating  the  filtrate,  if  necessary,  with  carbonio 
acid,  to  free  it  from  lead  which  it  might  contain,  then  boiling  down  with 
hydrochloric  acid  in  excess  (to  reduce  the  selenic  acid  and  drive  off 
the  nitric  acid),  and  precipitating  finally  with  sulphurous  acid. 

Selenium,  if  pure,  must  volatilize  without  residue  when  heated  in  a 
tube. 

2.  Sulphurous  Acid. 

To  estimate  free  sulphurous  acid  in  a  fluid  which  may  contain  also 
ohher  acids  (sulphuric  acid,  hydrochloric  acid,  acetic  acid),  a  weighed 
quantity  of  the  fluid  is  diluted  with  water,  absolutely  free  from  air,f 
until  the  diluted  liquid  contains  not  more  than  0*05  per  cent,  by  weight 
of  sulphurous  acid ;  some  starch-paste  is  now  added,  and  then  standard 
solution  of  iodide,  until  the  iodide  of  starch  reaction  makes  its  appear- 
ance. The  react  ion,  which,  under  these  cii'cumstauces,  takes  place  is 
represented  by  the  equation 

I+H  0  +  S  0,=H  I+S  O,  (BuNSEN). 

1  equivalent  of  iodine  added  corresponds  accordingly  to  1  equivalent  of 
sulphurous  acid.  For  the  details  of  the  process  I  refer  to  §  146.  In 
the  case  of  sulphites  soluble  in  water  or  acids,  water  perfectly  free  from 
air  is  poured  over  the  substance  under  examination,  in  suflicient  qiian- 
tity  to  attain  the  degree  of  dilution  stated  above,  sulphuric  or  hydro- 
chloric acid  added  in  excess,  and  then  starch-paste  and  solution  of  iodine 
as  above.  The  greatest  care  must  be  taken  in  this  method,  to  use,  foi 
the  purpose  of  dilution,  water  absolutely  from  aii*. 

Sulphurous  acid  may  also  be  determined  in  the  gravimetric  way,  by 

*  Zeitschrift  f.  analyt.  Ghem.  1,  73. 

f  Prepared  by  long -continued  boiling  and  Bubseqaent  cooling  with 
of  air. 
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conversion  into  stdphiinc  acid,  and  precipitation  of  the  latter  with 
baryta,  according  to  the  diractions  of  §  132.  This  method  is  especially 
f^plicable  in  the  case  of  sulphites  quite  free  from  sulphuric  acid.  The 
conversion  of  the  sulphurous  into  sulphuric  acid  is  effected  in  the  wet 
way  best  by  saturating  the  fluid  with  chlorine,  and  warming ;  in  the  dry 
way,  by  heating  the  salt,  in  a  platinum  crucible,  with  4  parts  of  a  mix- 
ture of  equal  parts  of  carbonate  of  soda  and  nitrate  of  2)otassa. 

3.  Hyposulphubous  Acid. 

Hyposulphurous  acid,  in  form  of  soluble  hyposulphites,  may  be  deter- 
mined by  means  of  iodine,  in  a  similar  way  to  sulphurous  acid.  The 
reaction  is  represented  by  the  equation 

2  (Na  0,Sa  0,)  +  I=NaO,  S^Og+Nal. 

The  salt  under  examination  is  dissolved  in  a  large  amount  of  water, 
8tai*ch-paste  added,  and  then  solution  of  iodine  until  the  blue  color 
mfikes  its  appearance.  That  this  method  can  give  correct  results  only 
in  cases  whei-e  no  other  substances  acting  upon  iodine  are  present, 
need  hai-dly  be  mentioned.  In  the  case  of  dilute  fluids  the  results  do  not 
vary,  if  the  fluid  is  acidified  before  adding  the  solution  of  iodine,  and 
the  operation  proceeded  with  so  quickly  that  no  time  is  laft  for  the  free 
hyposulphurous  acid  to  decompose  into  sulphur  and  sulphurous  acid 
(Fb.  Mohb  *).  Hyposulphurous  may  be  converted  into  sulphuric  acid 
and  then  determined :  the  process  is  the  same  as  for  sulphurous  acid. 

4.  Iodic  Acid. 

Iodic  acid  may  be  determined  by  the  following  easy  method : — distil 
the  acid,  in  the  free  state  or  in  combination  with  a  base,  with  an  excess  of 
pure  fuming  hydrochloric  acid,  in  the  apparatus  described  in  §  130,  cZ,  /3 
(chromic  acid),  receive  the  disengaged  chlorine  in  solution  of  iodide  of 
potassium,  and  determine  the  separated  iodine  as  directed  in  §  130,  dy  ]3. 
As  1  eq.  iodic  acid  seta  free  4  eq.  chlorine,  and  consequently  4  eq.  iodine, 
you  have  to  reckon  167  of  iodic  acid  for  508  of  iodine.  The  decompo- 
sition of  iodic  acid  by  hydrochloric  acid  is  represented  by  the  equation 
I  0^  -f  6  H  CI  =  101  +  5  H  O  4-  4  CI  (Bunsen  f). 

5.  NiTBOus  Acid. 

Nitrous  acid  may  be  determined  very  satisfactorily  with  a  solution  of 
pure  permanganate  of  pota-ssa,  provided  the  fluid  be  sufficiently  diluted  to 
prevent  the  nitrous  acid,  which  is  liberated  by  the  addition  of  a  stronger 
acid,  being  decomposed  by  water  with  formation  of  nitric  acid  and  nitric 
oxide.  For  1  part  of  anhydrous  nitrous  acid,  at  least  5000  parts  of  water 
should  be  present.  The  decomposition  is  represented  by  the  following 
equation : — 5  NO,  +  2  Mn,  O^  =  5  N  O5  4-  4  Mn  O.  If  the  permanganate 
be  standardized  with  iron  dissolved  to  protoxide,  4  eq.  iron  correspond  to 
1  eq.  NO3,  since  both  of  these  require  2  eq.  oxygen.  Nitrites  are  dis- 
solved in  very  slightly  acidulated  wat^r,  the  permanganate  is  added  till  the 
oxidation  of  the  nitrous  acid  is  nearly  completed,  the  solution  is  then  made 
itrongiy  add,  and  finally  permanganate  is  added  to  light-red  coloration. 

To  determine  hyponitric  acid  in  red  fuming  nitric  acid,  transfer  a  few  c.  c. 
to  about  500  c.  c.  cold  pure  distilled  water  with  stirring,  and  determine  the 
"  ■  .  ■ .,  I, 

*  Lehrbuch  der  Titrirmethode,  Nachtrdge,  S.  884. 
t  Annal.  d.  Chem.  u.  Pharm.  86,  285. 
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nitrous  acid  produced*  1  eq.  nitrous  acid  found  corresponds  U>  2  eq.  bypo 
nitric  acid,  for  the  latter — ^when  mixed  with  such  a  large  quantity  of  uratei 
as  is  indicated  above — is  decomposed  in  accordance  with  the  following 
equation :— 2  N  O^  +  2  H  O  =  HO,  NO^  +  HOjNO,  (Sio.  Feldhaus  *). 
As  regards  the  estimation  of  nitrous  acid  with  bLnoxideof  lead,  comp 
op,  oU,  p.  431 ;  also  Lang's  observations,  idemy  p.  484. 

Second  Division  of  the  J^^rst   Group  of  tJie  Acids, 

Sulphuric  Acid;   (Hydrofluosilicic  Acid). 

§  132. 

Sulphuric.  Acid. 

I.  Determination. 

Sulphuric  acid  is  usually  determined  in  the  gravimetric  way  as  tuiphaU 
of  baryta.  The  acid  may,  however,  be  estimated  also  by  certain  volu- 
metiic  methods,  based  upon  the  insolubility  of  this  salt  (and  the  sulphate 
of  lead). 

1.    Gravimetric  Method. 

Add  to  the  sufficiently  dilute  solution,  if  necessary,  some  hydrochloric 
acid  to  acid  reaction,  heat  to  near  ebullition,  add  chloride  of  barium  in 
slight  excess,  and  proceed  as  directed  §  101,  1,  a.  The  washing  is  always 
best  effected  by  decaatation  fii-st.  Should  the  analyzed  solution  con  tain 
nitric  acid,  some  nitrate  of  baryta  is  likely  to  precipitate  in  conjunction 
with  the  sulphate ;  the  removal  of  this  admixture  of  nitrate  of  baryta 
from  the  precipitate  requires  protracted  Washing  with  hot  water.  It  is, 
under  all  circumstances,  necessary  to  continue  the  washing  of  the  pre- 
3ipitate  until  the  last  washings  remain  perfectly  clear  upon  testing  with 
sulphuiic  acid.  In  cases  where  perfect  accuracy  is  desii'able  I  would  re- 
commend the  following  proceeding.  After  igniting  the  precipitate  accord- 
ing to  the  directions  of  §  53,  and  weighing,  moisten  it  with  a  few  dro])s 
of  hydi  ochloiic  acid,  add  hot  water,  stir  with  a  very  thin  glass  rod  or  with 
a  [ilatinum  wire,  rinse  the  rod  or  wire,  and  warm  gently  for  some  time. 
Potir  the  almoHt  clear  ffnid  on  to  a  small  filter,  and  test  the  filtrate  with 
sulphuric  acid.  If  this  produces  turbidity  or  a  precipitate,  which  is  a 
sign  that  the  sulphate  contains  an  admixture  of  another  baryta  salt,  wash 
the  residue  again  with  hot  water,  until  the  washings  are  no  longer  ren- 
dered turbid  by  sulphuric  acid.  Dry  now  the  precipitate  in  the  crucible, 
togt^ther  with  the  small  filter,  burn  the  latter  on  the  lid,  heat  to  redness, 
and  weigh.  If  the  sulphuric  acid  has  been  precipitated  from  a  solution 
containing  much  nitric  acid  or  much  alkaline  salt,  the  testing  of  the 
ignited  precipitate  is  not  merely  to  be  recommended,  but  it  is  absolutely 
necessary,  since  in  %uch  cases  it  is  by  no  means  unlikely  that  the  sulphate 
of  baryta  will  contain  1  per  cent,  or  more  of  nitrate  of  baryta  or  alkaline 
salt.  The  results  ai*e  not  always  so  exact  as  used  to  be  believed.  If 
precipitated  in  very  acid  solutions  a  little  of  the  sulphate  of  baryta  remains 
dissolved.  If  precipitated  in  very  saline  solutions,  on  the  other  hand,  the 
results  are  generally  too  high,  since  it  is  diificult  in  this  case  to  obtain  a 
pure  precipitate. 

The  sulphate  of  baryta  has  a  great  tendency  U  carry  salts  (eepeciaQy 

*  Zeitschrift  f.  analyt  Ghem.  1,  426. 
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liitrateB  and  chloiides)  down  with  it,  which  cannot  be  removed  at  all  hy 
^Rrashing,  and  are  removed  but  imperfectly  often  when  the  ignited  precipi- 
tate is  treated  with  hydrochloric  acid  and  water.*  Pr.  Stolba  f  recom- 
mends  treatment  with  a  solution  of  acetate  of  copper  for  the  puriiication  of 
impure  sulphate  of  baryta,  and  demonstrates  the  accuracy  of  his  ])roces3 
by  numerous  analyses,  which  were  performed  purposely  under  disadvan- 
tageous circumstances,  i.e,,  in  the  pi-esence  of  much  alkali-  and  baiyta- 
salt.  The  solution  of  acetate  of  copper  is  prepared  from  the  crystallized 
salt  of  the  shops  ;  if  it  contains  no  sulphuric  acid,  add  2  drops  of  the 
dilute  acid.  Dissolve  it  with  addition  of  a  little  acetic  acid  in  hot  water, 
add  a  few  drops  of  solution  of  chloride  of  barium,  enough  to  give  a  slight 
baryta  reaction,  boil  a  short  time  and  filter.  The  solution  on  cooling  de- 
|>08its  crystals ;  the  supernatant  cold  saturated  solution  is  employed.  The 
small  addition  of  chloride  of  barium  to  the  solution  of  cop[>er  containing 
a  little  sulphuric  acid,  is  for  the  pui'pose  of  incapacitating  the  fluid  for 
taking  up  any  sulphate  of  baryta,  by  saturating  it,  so  to  speak,  with  that 
substance. 

After  the  precipitation  of  the  sulphuric  acid  has  been  eflected  in  the 
usual  manner  in  the  fluid  acidified  with  hydrochloric  acid  and  the  precipi- 
tate has  been  washed  by  decantation  combined  with  filtration,  till  the 
filtrate  ceases  to  give  a  reaction  for  baiyta  and  chlorine  (at  least  for  baryta), 
treat  the  precipitate  still  in  the  beaker  with  40  or  50  c.  c.  of  the  copper 
solution,  add  some  water  and  acetic  acid,  and  digest  at  a  temperature  near 
the  boiling  point  for  10  or  15  minutes,  with  constant  agitation.  The 
acetic  acid  added  should  be  suflicient  to  prevent  the  precipitation  of  basic 
salt  during  this  operation.  If,  notwithstanding  the  pi*ecaution  taken,  basic 
salt  is  precipitated,  it  must  be  redissolved  by  addition  of  acetic  acid  (not 
hydrochloric  acid).  After  the  precipitate  has  been  filtered  ott'  and  washed 
■with  hot  water,  drop  a  few  drops  of  hydrochloric  acid  on  it,  continue 
-washing,  lastly  dry,  ignite,  and  weigh. 

[Sulphate  of  baryta  may  be  purified,  when  its  bulk  is  not  too,  large,  by 
dissolving  in  the  crucible,  after  ignition,  in  pure  concentrated  and  hot 
sulphuric  acid.  On  diluting  copiously  with  water,  the  sulphate  sepa- 
rates and  may  be  washed  with  hot  water.  J] 

2.    Volumetric  Methods. 

a.  After  Carl  Moiir.§  Make  a  standard  solution  by  dissolving  1  eq, 
(i.6.,  121*96  grm.)  pure  cystallized  chloride  of  barium  (Ba  CI  -f  2  aq.) 
to  1  litre.  Add  to  the  fluid  to  be  examined  for  sulphuric  acid — which, 
should  it  contain  much  free  acid,  is  previously  to  be  nearly  neutralized 
•with  piure  carbonate  of  soda — a  measured  quantity  of  £his  solution,  best 
a  round  number  of  cubic  centimetres,  in  more  than  sufficient  j)roportion 
to  precipitate  the  sulphuric  acid,  but  not  in  too  great  excess.  Digest  the 
mixture  for  some  time  in  a  warm  place,  then  precipitate,  without  previous 
filtration,  the  excess  of  chloride  of  barium  with  carbonate  of  ammonia 
fuiil  a  little  caustic  ammonia,  filter  off  the  precipitate  consisting  of 
sulphate  and  carbonate  of  baryta,  wash  until  the  water  running  oflf  acts 
no  longer  upon  sensitive  red  litmus  paper,  and  then  determine  the  carbo- 

•  Comp.  Zeitschrift  f.  analyt.  Ohem.  1,  80. 

f  Bing.  polyt.  Joum.  168,  43  ;   Zeitschrift  f.  analyt.  Chem.  2,  890. 

J.  [The  Ed.  cannot  name  the  originator  of  this  method,  having  mislaid  hia  i«^- 

Boe.] 

g  AnnaL  d.  Chem.  u.  Fharm.  90, 165. 
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naia  of  baryta  in  the  precipitate  by  tho  alkalimetric  method  ^ren  in 
§  210.  By  deductiug  the  quantity  of  bai'yta  found  in  the  istate  of  carbo- 
iiat«  from  thnt  corre«|>onding  to  the  chloride  of  barium  added,  you  fiud 
the  amount  of  baryta  equivalent  to  tho  sulphuric  acid  preseat.  Suiijiou 
you  have  added  to  the  fluid  under  examination — 

10  c.  c.  of  chloride  of  barium  solution  ^  0'765  Ba  0, 
and  found,  at  the  end  of  the  process, 

0-300  of  carbonate  of  *«ryta  =  0-333       " 


the  remainder,  0-532  £a  O, 

will  give  you  the  quantity  of  the  sulphuric  acid  by  means  of  the  pro- 
portion : 

70  5:40::  0-532: k;  ib  =0-278  (S  O,). 
This  calculation  may  be  considerably  simplified,  by  estimating  the  car- 
bonate of  baryta,  as  stated  in  §  210,  by  means  of  a  normal  solution  of 
nitric  acid  ;  of  which  it  consequently  takes  a  volume  equal  to  that  of  the 
chloride  of  barium  solution  to  neutralize  the  carbonate  of  baryta  ]ireci)ii- 
tat«d  from  the  latter,  if  no  sulphuric  acid  is  present;  if,  on  the  otlior  haiid, 
that  acid  is  present,  leas  of  the  nitric  acid  solution  is  required,  thediflercnce 
expressing  the  quantity  of  sulphuric  acid.  In  the  above  example  it  took 
3'04  c.  c.  to  neutralize  the  carbonate  of  baryta  formed ;  deductiug  these 
from  the  10  c.  c.  used,  we  have  left  6'9G  c.  c. 

1000  :  6-96  ::  iO  :  x;  x  =  0-278  (S  0,). 
The  resiilta  of  this  method  are  quite  satisfactory,  if  the  solution  does 
not  contain  too  much  free  acid ;  but  in  presence  of  a  large  excess  of 
free  acid,  the  action  of  the  salt  of  ammonia  will  retain  carbonate  of 
ban'ta  in  solution,  which,  of  course,  will  make  the  amount  of  Bu][>huric 
acid  appear  higher  tjaan  is  really  tho  case.  That  this  method  is  alto- 
gether inapplicable  in  presence  of  phosphoric  acid,  oxalic  acid,  or  any 
other  acid  precipitating  baryta  salt  from  neutral  solutions,  need  hardly  bo 
mentioned. 

b.  After  R.  Wildenstein  (secoad  process*).  Of  all 
the  methods  for  the  volumetric  estimation  of  sulphuric 
acid,  the  simplest,  and  that  which  is  capable  of  the  most 
genei-al  apjilicalion,  is  to  di-<)i>  into  the  solution  toiv 
I  taining  excess  of  hydrochloric  acid,  htandai-d  chUn-idf  of 
barium  solution,  till  the  exact  j)oint  is  readied  wh<-n 
no  more  precipitation  takes  place.  Ttiis  point  is  diffi- 
cult to  hit,  and  hence  the  method  has  only  found  a  very 
limited  use. 

WiLDENSTEiN  has  given  this  method  a  practical  form 

which  renders  it  possible  to  completean  analysis  in  about 

half  an  hour,  and  at  the  same  time  to  obtain  satisfactory 

results.     He  emjiloys  the  apparatus,  fig.  68.     A    is  » 

Vig.  60.         bottle  of  white  glass  whose  bottom  has  been  t-emovcd, 

it  contains  900 — 950  c  c.     JU  is  a  strong  funnel  tulc, 

irlth  bell-shaped  fimnel,  and  bent  as  shown,  provided  below  witli  s 

piece  of  india-nibbei-  tube,  a  screw  compression-cock,  and  a  funoil  pieea 

*  Zeitscbrift  t  anolyt.  Ctaem.  1,  432. 
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of  tubing  not  drawn  oufc.  The  length  fi'om  c  to  (f  is  about  7^8,  fi-oni 
d  toe  about  12  cm.  The  opening  of  the  funnel-tube/,  which  may  with 
advantage  have  a  diameter  of  2*5  to  3  cm.  is  covered  as  follows : — ^Take 
a  piece  of  fine  new  woollen  stuff  or  muslin,  free  from  sulphuric  acid, 
and  about  6  cm.  square,  lay  on  it  two  pieces  of  Swedish  paper  of  the 
same  gize,  and  then  another  piece  of  stuff  like  the  first,  now  bind  these 
all  together  over  the  opening /j  carefully  and  without  injuring  the  paper, 
bj  means  of  a  strong  linen  thread  which  has  been  drawn  a  few  times 
over  wax,  and  cut  it  off  even  all  round.  We  have  now  a  small  syphon- 
filter,  which  enables  us  to  filter  ofi'  a  portion  of  fluid  contained  in  yl,  and 
turbid  from  sulphate  of  baryta,  clear  and  with  comparative  rapidity. ' 

On  gradually  adding  chloride  of  barium  to  the  dilute  acid  solution  of 
a  sulphate  a  point  occurs  which  may  be  compared  to  the  neutral  point 
in  precipitating  silver  with  chloride  of  sodium  (see  p.  211) ;  i.  6.,  there 
is  a  certain  moment,  when  a  portion  filtered  off  will  give  a  turbidity 
both  with  sulphuric  acid  and  chloride  of  barium  after  the  lapse  of  a  few 
minutes.  On  this  account  we  must  either  proceed  on  the  principle 
recommended  for  the  estimation  of  silver,  t.  e,,  disregarding  the  quantity 
of  chloride  of  baiium  in  the  solution,  to  standardize  it  by  adding  it  to 
a  known  amount  of  a  sulphate,  till  a  precipitate  ceases  to  be  formed  ;  oi 
else  we  must — and  Wildenstein  recommends  this  latter  course— ^con- 
sider as  the  end-point  of  the  reaction  the  point  at  which  chloride  of 
barium  ceases  to  produce  a  distinctly  visible  precipitation  in  the  clear 
filtrate  after  a  lapse  of  two  minutes. 

The  chloride  of  barium  solution  is  prepared  by  dissolving  61  gim.  Ba  CI 
-f  2  aq.  in  a  litre  of  water  ;  1  c.  c.  corresponds  to  '02  8ul])hunc  acid. 

First  prepare  the  solution  of  the  sulphate  to  be  analyzed  (using 
about  3  or  4  gnn.),  then  fill  A  with  warm  water,  open  the  cock  with 
the  screw  or  by  the  aid  of  a  glass  rod,  and  wait  till  the  syphon  J3  is 
quite  full  of  water.  If  the  water  runs  down  the  tube  c  e  without  filling 
it  entirely,  close  and  open  the  cock  a  few  times,  and  this  inconvenience 
will  be  removed.  (It  is  not  allowable  to  suck  at  e,  or  to  fill  the  syphon 
with  the  wash-bottle  at  e,  as  either  proceeding  would  inevitably  lead  to 
injuring  the  filter.)  Now  close  the  cock  and  pour  out  the  warm  water, 
replace  it  by  400  c.  c.  of  boiling  water,  add  the  ready-prepared  solution 
of  the  sulphate,  and  a  suitable  quantity  of  hydrochloric  acid,  if  necessary, 
and  run  in  the  chloride  of  barium  solution,  at  first  in  rather  lar<^e  ])or- 
tions,  at  last  in  ^  c.  c.  Before  (»ach  fresh  addition  of  chloride  of  barium 
open  the  cock  and  allow  rather  more  liquid  to  flow  into  a  beaker  tliau 
cori'esponds  to  the  contents  of  the  syjihon.  This  quantity  should  be  pre- 
viously ascertained,  and  a  mark  indicating  it  made  on  the  beaker.  Now 
close  the  cock  and  pour  the  filtrate  without  loss  back  into  A,  (As  the 
beaker  is  used  over  and  over  again  for  the  same  purpose  it  need  not  be 
rinsed  out.)  Now  run  some  of  the  fluid  into  a  test  tube,  so  as  to  one- 
third  fill  it,  add  to  the  clear  fluid  2  drops  of  chloride  of  barium  from  the 
burette  and  shake.  If  a  precipitate  or  turbidity  is  produced  return  the 
portion  to  the  main  quantity.  The  experiment  is  finished  when  the  last 
portion  tested  shows  after  the  lapse  of  exactly  two  minutes  no  distinctly 
visible  turbidity.  The  drops  of  chloride  of  barium  used  for  the  last 
kesting  are  of  coui-se  not  reckoned.  The  slight  eiTor  involved  from 
tbie  fact  that  the  small  quantity  of  fluid  in  the  syphon  is  finally  imacted 
on,  is  too  small  to  be  noticed.  During  the  experiment  the  filter  most 
not  be  injured  by  the  stirriug.     In  case  the  point  has  been  overstep}>ed, 
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add  1  c.  c.  of  dilute  sul)»hiiric  acid  (equivaJenf^  to  the  chloride  of  barium) 
x>  A^  and  endeavor  to  hit  the  end-point  again.  Here  1  c.  c.  will  have  to 
be  subtracted  from  the  c.  c.  of  chloride  of  barium  used. 

The  results  obtained  by  Wildenstein  are  of  sufficient  accuracy  for 
technical  pui^poses.  Some  experiments  made  in  my  own  laboratory 
were  also  quite  satisfactory.  • 

II.  Separation  of  Sulphuric  Acid  from  the  Bases. 

a.  From  those  Bases  with  which  the  Acid  forms  Compounds  solu- 
ble IN  Water  or  in  Hydrochloric  Acid. 

Precipitate  the  sulphuric  acid  as  in  I.  The  filtrate  which  contains, 
besides  the  bases  originally  combined  with  the  sulphuric  acid,  also  the 
excess  of  the  chloride  of  barium  used,  is  treated  by  the  methods  given  in 
Section  Y.  to  effect  the  separation  of  the  bases  in  question  from  baryta. 

h.  From  those  Bases  with  which  the  Acid  forms  Compounds  in« 

SOLUBLE  OR  DIFFICULTLY  SOLUBLE  IN  WaTER  OR  IN  HyDROCHLORIO 

Acid. 

a.  From  ^a/rytay  Strontia^  and  IAme» 

Fuse  the  finely  pulverized  compound  under  examination  in  a  pla- 
tinum crucible,  with  5  parts  of  mixed  carbonates  of  soda  and  potassa.  Put 
the  crucible,  with  its  contents,  into  a  beaker,  or  into  a  platinum  or  por- 
celain dish,  pour  water  over  it,  and  apply  heat  until  the  alkaline  sul- 
pLtttes  and  carbonates  are  completely  dissolved ;  filter  the  hot  solution 
from  the  residuary  carbonates  of  the  earths,  wash  the  latter  thoroughly 
with  water,  to  which  a  little  ammonia  and  carbonate  of  ammonia  has 
been  added,  and  determine  according  to  §§  101  to  103.  If  the  precipi- 
tates have  been  well  washed,  it  is  perfectly  admissible  to  ignite  and 
weigh  at  once.  Precipitate  the  sulphuric  acid  from  the  filtrate,  as  in  I. 
Finely  pulverized  sulphate  of  lime  and  sulphate  of  strontia  may  be  com- 
pletely decomposed  also  by  boiling  with  a  solution  of  carbonate  of  potas- 
sa ;  *  the  same  process  will  answer  also  for  sulphate  of  baryta;  but  the 
operation  is  far  more  difficult,  and  complete  decomposition  is  efiected 
only  by  boiling  the  [)recipitate,  after  decanting  the  fluid  repeatedly  with 
an  excess  of  solution  of  carbonated  alkali  (H.  EosE  f ).  [Sulphate  of  lime 
may  be  dissolved  in  moderately  dilute  hydrochloric  acid,  and  the  sul- 
phuric acid  pi^ecipitated  with  chloride  of  barium.] 

/3.  2^rom  Oxide  of  Jjead. 

The  simplest  way  of  efiecting  the  decomposition  of  sulphate  of  lead 
consists  in  digesting  it,  at  the  common  temperature,  with  a  solution  of 
bicarbonate  of  soda  or  potassa,  filtering,  washing  the  precipitate,  deter^ 
mining  the  sulphuric  acid  in  the  filtrate,  as  in  I.,  dissolving  the  precipi- 
tate, which  contains  alkali,  in  nitric  acid  or  acetic  acid,  and  determin- 
ing the  lead  in  the  solution  by  one  of  the  methods  given  in  §  162. 

Presence  of  strontia  and  lime  necessitates  no  alteration  in  thia 
method ;  but  if  baryta  also  is  present,  and  it  is  accordingly  necessary  to 
ignite  J  the  mixture  with  carbonated  alkalies  (or  to  boil  repeatedly 
^th  fresh  portions  of  solution  of  the  same),  a  small  portion  of  lead  al- 
ways remains  in  solution  in  the  alkaline  fluid ;  tliis  must  be  pi-ecipitaied 
by  passing  carbonic  acid  before  filtering. 

*  Carbonate  of  soda  does  not  answer  as  well 

♦  Joum.  f.  prakt.  Chem.  04.  882,  and  65,  318. 

^  This  ignition  is  most  safely  effected  in  a  porcelain  oracibla. 
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Supplement  to  tits  Second  ZHvieion, 

§  133. 

Hydhofluosilicio  Aoid. 

If  yon  have  hydrofluosilicic  acid  in  solntion,  add  solution  of  chlorido 
of  potassium,  or  chloride  of  sodium,  then  a  volume  of  strong  alcohol 
equal  to  the  fluid  present,  collect  the  precipitated  silicofluoride  of  potas- 
sium or  sodium  on  a  weighed  filter,  and  wash  with  a  mixture  of  equal 
volumes  of  spirit  of  wine  and  water.  Dry  the  washed  precipitate  at 
100°,  and  weigh.  Mix  the  alcoholic  filtrate  with  hydrochloric  acid, 
evaporate  to  dryness,  and  treat  the  residue  ^ith  hydrochloric  acid  and 
water.  If  this  leaves  an  undissolved  i*esidue  of  silicic  acid,  this  is  a  sign 
that  the  examined  acid  contained  an  excess  of  silicic  acid ;  the  weight 
of  the  residue  shows  the  amount  of  the  excess. 

Silicofluoride  of  potassium  has  the  formula  K  Fl,  Si  Fl^,  silicofluoride 
of  sodium,  Na  Fl,  Si  Fl.,.  Both  compounds  are  anhydrous  at  IOC. 
They  dissolve  with  difficulty  in  water,  and  are  insoluble  in  dilute  spirit 
of  wine.  The  analysis  of  silicofluorides  of  metals  is  best  eflected  by  heat- 
ing in  platinum  vessels,  with  concentrated  sulphuric  acid ;  fluoride  of 
silicon  and  hydrofluoric  acid  volatilize,  the  bases  ai*e  left  beliind  in  the 
form  of  sulphates,  and  may,  in  many  cases,  after  volatilization  of  the  ex- 
cess of  sulphuric  acid,  be  weighed  as  such.  If  the  metallic  silicofluo- 
rides to  be  analyzed  contain  water,  mix  them  most  intimately  with  0 
parts  of  recently  ignited  oxide  of  lead  (H.  Kose),  cover  the  mixture,  in 
a  small  retort,  with  a  layer  of  pure  oxide  of  lead,  weigh  the  retort,  heat 
cautiously  until  the  contents  begin  to  fuse  together,  remove  the  acjue- 
ous  vapor  still  remaining  in  the  vessel  by  suction,  and  weigh  the  retort 
again  when  cold.  The  diminution  of  weight  shows  the  quantity  of  water 
expelled.  Do  not  neglect  testing  the  drops  of  the  escaping  water  with 
litmus  paper ;  the  result  is  accurate  only  if  they  have  no  acid  reaction ; 
compare  §  35,  /3. 

Third  Division  of  Hie  First  Group  of  ike  Acids. 

Phosphoric  Acid — ^Boracic  Acid — Oxalic  Acid — Hydrofi.uorio 

Acid. 

§  134. 
1.  Phosphoric  Acid. 

L  Determination. 

Tribasic  phosphoric  acid  may  be  determined  in  a  gi'eat  variety  of 
ways.  The  forms  in  which  this  determination  may  be  eflfected  have 
been  ffiven  already  in  §  93,  4.  The  most  appropriate  forms  for  the  pur- 
pose, however,  are  pyropliosphcite  of  magnesia  and  pliosphate  of  sesqui- 
oxide  of  fi/rcmium^  because  they  are  in  themselves  well  worthy  of  recom- 
mendation and  can  be  employed  in  almost  all  cases.  The  deterQiinatioii 
aa  pyrophosphate  of  magnesia  is  frequently  preceded  by  precipitation  in 
■aother  way,  especially  as  phospho-molybdate  of  ammonia,  occasionally  as 
phosphate  of  binoxide  of  tin.     The  other  forms  in  whiph  phosphoric 
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acid  may  be  determined  give  also,  in  part,  very  good  i^esulta,  but  admit 
only  of  a  more  limited  ajiplication. 

With  regard  to  meta-  and  pyro-phosphoric  acids,  I  have  simply  U 
remark  here  that  these  acids  cannot  be  determined  by  any  of  the 
methods  given  below.  The  best  way  to  effect  their  determination  is  to 
convert  them  into  tribasic  phosphoric  acid  ;  as  follows  : — 

a.  In  the  dry  \joay.  By  protracted  fusion  with  from  4  to  6  parts  of 
mixed  carbonates  of  soda  and  potassa.  This  method  is,  however,  appli- 
cable only  in  the  case  of  meta-  and  pyro-phosphates  of  the  alkalies,  and 
of  those  meta-  or  pyro-phosphates  of  metallic  oxides  which  are  completely 
decomposed  by  fusion  with  alkaline  carbonates ;  it  fails,  accordingly,  for 
instance,  with  the  salts  of  alkaline  earths,  magnesia  excepted. 

|3.  In  the  wet  way.  The  salt  is  heated  for  some  time  with  a  strong 
acid,  best  with  concentrated  sulphuric  acid  (Weber*).  Tliis  method 
leads  only  to  the  attainment  of  approximate  results,  in  the  case  of  all 
salts  whose  bases  form  soluble  compounds  with  the  acid  added,  since  in 
these  cases  the  meta-  or  pyro-phosphoric  acid  is  never  completely  liber- 
ated ;  but  the  desired  result  may  be  fully  attained  by  the  use  of  any 
acid  which  forms  insoluble  compounds  with  the  bases  present.  Bespect- 
ing  the  partial  conversion  in  the  former  case,  I  have  found  that  it  ap- 
proaches the  nearer  to  completeness  the  greater  the  quantity  of  fi^ee  acid 
udded,  f  and  that  the  ebullition  must  be  long>continued  (couip.  £xpt. 
No.  36). 

It  must  be  borne  in  mind  that  tribasic  phosphoric  acid  changes,  at  a 
temperatui*e  still  below  150°,  to  pyro-phosphoric  acid ;  thus,  for  instance, 
upon  evaporating  common  phosphate  of  soda  with  hydrochloric  acid  in 
excess,  and  drying  the  residue  at  150°,  we  obtain  Na  Cl+ Na  O,  H  O,  P  O4. 

a.  Deterfuination  as  Phosplvale  of  Lead* 

Proceed  as  with  arsenic  acid,  §  127,  1  (t.c.,  evaporate  with  a  weighed 
quantity  of  oxide  of  lead,  and  ignite).  This  method  presupposes  that  no 
other  acid  is  present  in  the  aqueous  or  nitric  acid  solution  ;  it  has  this 
great  advantage  that  it  gives  coirect  residts,  no  matter  whether  the  phos- 
phoric acid  present  is  mono-,  bi-,  or  tribasic. 

6.  Determination  as  I^yrophoMpIidte  of  JUaffnesia, 
tt.  Direct  deter mination  (suitable  in  all  cases  in  which  it  is  quite  certain 
that  the  acid  is  {iresent  in  the  tribasic  state,  either  free  or  combined  with 
an  alkali). 

Add  to  the  solution  a  clear  mixture  of  sulphate  of  magnesia,  chloride 
of  ammonium,  and  ammonia  (see  §  63,  6),  as  long  as  a  precipitate  continues 
to  form  ;  should  the  solution  not  yet  evolve  a  strong  ammoniacal  odor,  add 
some  more  ammonia;  let  the  mixture  stand  12 — 24  hours,  without  applying 
heiit,  the  glass  being  covered,  filter,  wash  the  crystalline  precipitate  with 
a  mixture  of  3  parts  of  water  and  1  part  of  solution  of  ammonia,  until  the 
washings,  after  the  addition  of  nitric  acid,  are  no  longet  rendered  turbid 
by  nitrate  of  silver,  and  proceed  afterwards  exactly  as  directed  in  §  104,  2. 
The  results  are  very  accurate  (Expt.  No.  89).  The  loss  sustained  from  tlie 
slight  solubility  of  the  basic  phosphate  of  magnesia  and  ammonia  is  veiy 
trifling  (Expt.  No.  32),  and  may  even  be  altogether  corrected  by  measuring 

«  Pogg.  AnnaL  73,  137. 

f  Them  are,  however,  other  oonsideratlons  which  forbid  going  too  fnr  iA  tfllh 
Nfqpeotk 
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the  filtrate,  and  adding  for  every  54  c.  c.  0*001  grm.  pjiophosphate  oi 
magnesia.  For  the  properties  of  the  precipitate  and  residue,  see  §  74. 
If  the  solution  contains  pyrophosphoric  acid,  the  precipitate  is  flocculent, 
and  dissolves  in  ammoniat^  water  (Weber). 

3.  Indirect  determination^  with  previous  precipitation  as  phospho- 
molybdate  of  ammonia,  Sonnenschein.*  (Applicahle  in  all  cases  in  which 
the  phosphoric  acid  is  present  in  the  tribasic  state,  even  in  presence  of 
alkaline  earths,  aluiuina,  sesquioxide  of  iron,  &c.  Tartaric  acid,  however, 
and  similarly  acting  organic  substances  must  be  absent.) 

The  molybdenum  solution  described  in  the  "  Qual.  Anal.,"  p.  66,  is 
employed  as  the  precipitant.  The  fluid  to  be  examined  for  phosphoric  acid 
should  be  concentrated,  it  may  contain  free  nitric  acid  or  sulphuric  acid. 
Hydrochloric  acid  and  chlorides,  if  present,  must  be  removed  by  repeated 
evaporation  with  strong  nitric  acid.  Transfer  it  to  a  beaker  and  add  a 
considerable  quantity  of  the  molybdenum  solution, — about  40  parts  molyb- 
dic  acid  must  be  added  for  every  1  part  phosphoiic  acid, — stir,  without 
touching  the  sides,  and  keep  covered  12  or  24  hours  in  a  warm  place  (not 
hotter  than  40°).  Then  remove  a  portion  of  the  clear  supernatant  fluid 
*jdth  a  pipette,  mix  it  with  an  equal  volume  of  molybdenum  solution,  and 
allow  it  to  stand  some  time  at  40°.  If  a  further  precipitation  takes  place, 
return  the  portion  to  the  main  quantity,  add  more  molybdenum  solution, 
allow  to  stand  again  12  to  24  hours  and  test  again.f  Wlien  complete  pre- 
cipitation has  been  effected,  transfer  the  precipitate  to  a  small  filter,  remove 
the  rest  from  the  beaker  by  means  of  portions  of  the  filtrate,  and  wash  the 
precipitate  with  a  mixture  of  1 00  parts  of  molybdenum  solution,  20  of  nitric 
acid,  sp.  gr.  1*2,  and  80  of  water,  which  should  be  dropped  on  in  small 
quantities.  Then  dissolve  the  precipitate  in  ammonia  on  the  filter,  wash 
the  latter,  neutralize  a  portion  of  the  ammonia  in  the  filtrate  with  hydro- 
chloric acid  (the  solution  must  of  courae  still  remain  strongly  ammoniacal 
and  clear),  and  precipitate  with  magnesia  mixture  (compare  a).  The 
results  are  accurate. 

As  this  method  requires  so  large  a  quantity  of  molybdic  acid,  it  is  usually 
resorted  to  only  in  cases  where  methods  &,  a,  and  c  are  inapplicable ;  and 
the  amount  of  phosphoric  acid  in  the  quantity  of  substance  taken  to  operate 
upon  is  not  allowed  to  exceed  0*  1  grm.»  Arsenic  acid  and  silicic  acid,  J  if  pre- 
sent, must  first  be  removed.  Of  all  the  methods  for  determining  phosphoric 
acid  in  the  presence  of  sesquioxide  of  iron  and  alumina,  this  is  the  best. 

7.  Indirect  determination^  with  previous  precipitation  as  pJiospliate  of 
hinoxide  of  tin. 

After  GiRARD.§     Dissolve  tlie  substance  in  which  the  phosphoric  acid 

■  Joam.  f.  prakt  Chem.  53,  343. 

f  [If  the  molybdic  solution  contain,  as  it  should,  5  per  cent,  of  molybdic  acid, 
the  addition  of  13  c.  c.  for  every  centi<^amnie  of  phosphoric  acid  (00  parts  of 
molybdic  to  1  part  of  phosphoric  acid)  will  insure  complete  precipitation.] 

t  Silicic  acid  miy  also  be  thrown  down,  in  form  of  a  yellow  precipitate,  by  acid 
eolation  of  molybdate  of  ammonia,  e.««pecially  in  presence  of  much  chloride  of 
ammoninm  (W.  Knop,  Chem.  Centralb.  1857,  091).  Mr.  Qrundmann.  who  repeated 
KnopN  experiments  in  my  laboratory,  obtained  the  same  results.  The  precipitate 
diaaolTes  in  ammania.  If  the  solution,  after  addition  of  some  chloride  of  ammo- 
ninm, is  allowed  to  stand  for  some  time,  the  silicic  acid  separates,  and  the  phos- 
phoric acid  may  then  be  precipitated  from  the  filtrate  with  magnesia-mixture  ;  it 
is,  however,  always  the  safer  way  to  remove  silicic  aoid  first. 

^  [This  is  a  modification  of  the  method  of 'Reissig  (Ann.  Chem.  u.  Ph.  98, 889) 
foanded  upon  that  of  Eeynoso  (Joum.  f.  prakt.  Ghem.  54,  261).      The  obfrerra 
tioiia  of  llaeber  (Frea  Zeit.  Iv.,  122)  have  been  regarded.] 
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is  to  be  esdmated  in  highly  concentrated  nitric  acid,  remove  all  chloiine, 
either  by  precipitation  with  nitrate  of  silver,  or  by  repeated  evajwratioB 
with  nitric  acid,  add  at  least  eight  times  as  much  tinfoil  as  there  is 
phosphoric  acid  present,  and  warm  the  mixture  for  five  or  six  houn, 
until  the  precipitate  has  completely  subsided,  leaving  the  supernatant 
fluid  clear.  Wash  with  hot  water  by  deoantation  8  to  10  times,  and 
finally  by  filtration. 

The  precipitate,  consisting  of  metastannic  acid  and  phosphate  of  binoxide 
of  tin,  together  with  a  little  phosphate  of  sesquioxide  of  iron  and  of  alumina, 
is  heated  with  sulphide  of  ammonium  in  excess,  digested  about  two  hours, 
and  then  filtered ;  the  precipitate,  consisting  of  sulphide  of  iron  and  hy- 
drate of  alumina,  is  washed  with  water  to  which  a  little  sulphide  of  am- 
monium has  been  added,  dissolved  in  nitric  acid,  and  the  solution  thus 
formed  mixed  with  the  filtrate  from  the  tin  precipitate  which  contains 
the  principal  quantity  of  the  bases.  From  the  sulpliide  of  ammonium 
filtrate,  which  contains  bisulphide  of  tin  and  phosphate  of  ammonia,  the 
phosphoric  acid  is  at  once  precipitated  by  magnesia-mixture.  I  may  add 
that  GiRARD  considers  4  to  5  parts  tin  sufficient  for  1  part  phosphoric 
acid.     The  results  afforded  by  his  test  analyses  are  unexceptionable. 

c.  Determination  <m  PlvospluUe  of  Sesquioxide  of  Uranium, 

After  Leconte,  A.  Arendt,  and  W.  Knop  *  (very  suitable  in  pres- 
ence of  alkalies  and  alkaline  earths,  but  not  in  presence  of  any  notable 
amount  of  alumina ;  in  presence  of  sesquioxide  of  iron,  the  method  can 
be  applied  only  with  certain  modifications,  see  §  135,  g,  7).  Where  it 
is  possible,  prepare  an  acetic  acid  solution  of  the  salt.  If  you  have  a 
nitric  or  hydrochloric  acid  solution,  remove  the  greater  portion  of  the 
free  acid  by  evaporation,  add  ammonia  until  red  litmus  paper  di]>ped  in- 
to it  turns  very  distinctly  blue,  and  then  redissolve  the  ] precipitate 
formed  in  acetic  acid.  If  mineral  acids  wei*e  present,  add  also  some  ace- 
tate of  ammonia.  Mix  the  fluid  now  with  solution  of  acetate  of  sesqui- 
oxide of  uranium,  and  heat  the  mixture  to  boiling,  which  will  cause  tht- 
phosphoric  acid  to  separate,  in  form  of  yellow  phosphate  of  sesquioxide 
of  uranium  and  ammonia. 

Wash  the  precipitate,  first  by  decantation,  boiling  up  each  time,  then 
by  filtration;  the  operation  may  be  materially  facilitated  by  adding, 
immediately  after  precipitation,  as  soon  as  the  liquid  has  cooled  a  little, 
2  or  3  drops  of  chloroform,  and  giving  the  mixture  a  vigorous  shake,  or 
boiling  it  once  or  twice.  Dry  the  precipitate,  and  igiiite  as  diitjcted 
§  53.  It  is  advisable  bo  evaporate  small  quantities  of  nitric  acid  on  the 
Ignited  precipitate  repeatedly,  and  to  re-ignite.  The  residue  must  have 
tiie  color  of  the  yolk  of  an  egg.  For  the  properties  of  the  precipitate 
and  residue,  see  §  93,  4,  e.  Should  it  be  necessary  to  dissolve  the 
ignited  residue  again,  for  the  purpose  of  repreci})itating  it,  this  can  be 
done  only  after  fusing  it  with  a  large  excess  of  mixed  carbonates 
of  soda  and  polassa,  and  thereby  converting  the  i>yrophosphonc  into  tri- 
basic  phosphoric  acid.  Results  accurate  ;  compare  the  jiroofis  given  bj 
the  authors,  and  Expt.  No.  90. 

*  Leconte  was  the  fint  to  recommend  the  method  of  precipitating  phosphorfo 
acid  from  acetic  add  solutions  bj  means  of  a  salt  of  uranium  i  Jahresb.  von  Lio- 
big  nnd  Kopp,  fur  1853,  642);  A.  Arendt  and  \V.  Knop  have  subsequently  sub- 
jected it  to  a  careful  and  searching  examination  (Chem.  Centralbl.  1866,  769, 
803 ;  and  1857,  177;. 
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d.  DeterminctHon  as  Seme  Phosphate  of  Sesquioodde  of  Iron. 

a.  Proceed  exactly  as  in  the  determination  of  arsenic  acid,  by  \. 
Kobell's  modification  of  Berthier's  method  (§  127,  3,  6).  The  results 
are  accurate. 

3.  Mix  the  acid  fluid  containing  the  phosphoric  acid  with  an  excess 
of  solution  of  sesquichloride  of  iron  of  known  strength,  or  with  a  weighed 
quantity  of  ammonia  iron-alum,  add,  if  necessary,  sufficient  alkali  to  neu- 
tralize the  greater  poi'tion  of  the  free  acid,  mix  with  acetate  of  soda  in 
excess,  and  boil.  If  the  quantity  of  solution  of  sesquichloride  of  iron 
added  was  sufficient,  the  precipitate  must  be  brownish-red.  This  pre- 
cipitate consists  of  basic  phosphate  and  basic  acetate  of  sesquioxide  of 
iron,  and  contains  the  whole  of  the  phosphoric  acid  and  of  the  sesquiox 
ide  of  iron.  Filter  off  boiling,  wash  with  boiling  water  mixed  with 
some  acetate  of  ammonia,  dry  carefully,  and  ignite  in  a  platinum  cruci- 
ble with  access  of  air  (§  53).  Moisten  the  residue  left  upon  ignition 
with  strong  nitric  acid,  evaporate  this  at  a  gentle  heat,  and  if^nite  again. 
Should  this  operation  have  increased  the  weight,  which,  however,  is  not 
usually  the  case,  it  must  be  repeated,  until  the  weight  remains. constant. 
Deduct  from  the  weight  of  the  residue  that  of  the  sesquioxide  of  iron 
contained  in  the  solution  added ;  the  difference  is  the  phosphoric  acid. 

/.  (J.  Weerbst's  method,  suitable  for  the  estimation  of  the  phosphoric 
acid  in  phosphates  of  the  alkalies  and  alkaline  earths.*)  Mix  the  nitric 
add  solution  of  the  phosphate  under  examination,  which  must  contain  no 
other  strong  acid,  wit  ha  solution  of  niti-ate  of  sesquioxide  of  iron  of  known 
strength,  in  sufficient  proportion  to  insure  the  formation  of  a  basic  salt ; 
evaporate  the  mixture  to  dryness,  heat  the  I'esidue  to  160°,  until  no  more 
nitric  acid  fumes  escape,  treat  with  hot  water  until  all  nitrates  of  tlie  alkalies 
and  alkaline  earths  are  removed,!  collect  tf^e  yellow-ochreous  precipitate 
on  a  filter,  dry,  ignite  (see  §  53),  weigh,  and  deduct  from  the  weight  the 
quantity  of  sesquioxide  of  iron  added. 

e.  Determination  as  Basic  Phosplvate  of  Magnesia  (3  Mg  O,  P  O5). 
(Fr.  Schulze's  method,  suitable  more  particularly  to  effect  the  sepa- 
ration of  phosphoric  acid  from  alkalies.^) 

Mix  the  solution  of  the  alkaline  phosphate,  which  contains  chloride  of 
ammonium,  with  a  weighed  excess  of  pure  magnesia,  evaporate  to  dryness, 
ignite  the  residue  until  the  chloride  of  ammonium  is  expelled,  and  sepai*ate 
the  magnesia,  which  is  still  present  in  form  of  chloride  of  magnesium,  by 
ignition  with  oxide  of  mercury.  Treat  the  ignited  residue  with  water,  fil- 
ter the  solution  of  the  chlorides  of  the  alkAli  metals,  wash  the  precipitate, 
dry,  ignite,  and  weigh.  The  excess  of  weight  over  that  of  the  magnesia 
used  shows  the  quantity  of  the  phosphoric  acid.     Results  satisfact.ory, 

f.  Determination  by  Volumetric  Analysis. 

1.  With  Uranium  Solution. 

The  employment  of  this  solution  was  recommended  twelve  years  ago  by 
Lecoxte.§     Neubauer  II  improved  the  method  and  described  it  in  detail, 

♦  Joam.  f.  prakt  Ghem.  67,  8. 

t  In  presence  of  magnesia,  warming  with  a  solution  of  nitrate  of  ammor  ia  is 
■MMble. 

Joom.  1  prakt  Chem.  63.  440. 

Jahresber.  von  Liebig  a.  Kopp,  f  iir  1853,  642. 

Aiohiv  fur  wisaensohaftliohe  Heilkunde,  iv.  228. 

IS 
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aud  aftorwards  it  was  recommended  again  by  Pincus,*  and  subsequently 
by  BtiDEKER.f  The  principle  of  the  method  is  as  follows:  acetate  of  sea 
quioxide  of  uranium  precipitates  from  solutions  rendered  acid  by  acetio 
acid,  phosphate  of  sesquioxide  of  uranium,  or — ^in  the  presence  of  considera- 
ble (piantities  of  ammoniacal  salts — phosphate  of  sesquioxide  of  uranium 
and  ammonia.  The  proportion  between  the  uranium  and  the  phosphoric 
acid  is  the  same  in  both  compounds.  Both  compounds  when  freshly  pre- 
cipitated and  suspended  in  water  are  left  unchanged  by  ferrocyanide  of 
potassium ;  acetate  of  sesquioxide  of  uranium,  on  the  other  hand,  is  indica- 
ted by  this  reagent  with  great  delicacy,  insoluble  reddish-brown  ferrocya- 
nide of  uranium  being  precipitated. 
According  to  Neubauer  J  the  following  solutions  are  employed : — 

a.  A  Solution  of  jPhospItoHc  Acid  ofhrwwn  strength. 

Prepared  by  dissolving  10*085  grm.  pure,  crystallized,  uneffloresced, 
powdered,  and  pressed  phos[)hate  of  soda  in  watei'  to  1  litre.  50  c.  c. 
contain  0*1  grnu  POg. 

b.  An  Acid  Solution  of  Acetate  of  Sodct, 

Prepared  by  dissolving  100  grm.  acetate  of  soda  in  900  water,  and 
adding  ordinary  acetic  acid  to  1  litre. 

c.  A  Solution  of  Acetate  of  Sesquioxide  of  ZTranium  (§  63,  3)  in  water. 
This  is  standardized  by  means  of  the  phosphate  of  soda  solution.     1  cc. 

indicates  '005  grm.  P  O5.     The  solution  is  made  at  fii-st  a  little  stronger 
•ban  necessary,  so  that  it  may  contain  in  the  litre  say  22  grm.  Urj  O, 

(corresponding  to  35*5  grm.  Urg  O3,  A  +  2  aq.  or  34  grm.  JJi^  0.,,  A  -{-  3 
aq.),  its  value  is  determined,  and  it  is  diluted  accordingly.  To  determine 
its  valwe  proceed  as  follows :  Ix^nsfer  50  c.  c.  of  the  a  solution  to  a  beaker, 
add  5  c.  c.  of  the  6  solution,  and  heat  in  a  water-bath  to  90 — 100°.  Now 
run  iu  uranium  solution,  at  first  a  large  quantity,  at  last  in  ^  c.  c,  testing 
after  each  addition  whether  the  precipi tuition  is  finished  or  not.  For  this 
purpose  8j)read  out  one  or  two  drops  of  the  mixture  on  a  white  porcelain 
surface  and  introduce,  into  the  middle,  by  means  of  a  thin  glass  i*od,  a 
small  drop  of  ferrocyanide  of  potassium  solution.  As  soon  as  a  trace  of 
excess  of  acetate  of  uranium  is  present,  a  reddisli-brown  spot  forms  in 
the  drop,  which,  surround(^d  as  it  is  by  the  colorless  or  almost  colorless 
fiuid,  may  bs  very  distinctly  perceived.  When  the  final  reaction  has  just- 
appeai*od,  heat  a  few  minutes  in  the  wat«r-bath  and  repeat  the  testing 
on  the  porcelain.  If  now  the  reaction  is  still  plain  the  experiment  is 
concluded.  If  the  uranium  solution  had  been  exactly  of  the  required 
strength,  20  c.  c.  would  have  been  used ;  but  it  is  actually  too  concen- 
trated, hence  less  than  20  c.  c.  must  have  been  used.  Suppose  it  was  18 
•c.  c,  then  the  solution  will  be  right,  if  for  every  18  c.  c.  we  add  2  c.  c. 
of  water.  If  in  thLs  first  experiment  we  find  that  the  solution  is  much 
too  strong,  the  solution  is  diluted  with  somewhat  less  wat^r  than  is 
properly  speaking  required,  another  experiment  is  made,  and  it  is  then 
diluted  exactly. 

The  actucd  analysis  must  be  ma<le  under  as  nearly  as  possible  similar 
eircumstancefl  to  those  under  which  the  standardizing  of  the  uranium  solu 
tion  was  performed,  especially  as  regards  the  acetate  of  soda.     7  his  salt 
retards  the  ]>recipitation  of  uranium  by  fen-ocyanide  of  potajBsium,  heriof 

^  Jonrv  f.  prakt  Ghem.  76.  104.      f  Annal.  d.  Chem.  u.  Pharm.  117, 105. 
%  Anl«itang  zur  Hamanalyee,  4  Aufl.  S.  148. 
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the  test  drop  on  the  porcelain  plate  becomes  darker  and  darker.  The 
analyst  should  accustom  himself  to  observing  the  first  appearance  of  the 
slightest  brownish  coloration  in  the  middle  of  the  drop,  and  should  take 
this  as  the  end-reaction.  It  need  hardly  be  added  that  the  same  person 
must  make  the  analysis  who  has  standardized  the  solution  (Neubauer). 
The  method  is  applicable  to  solutions  of  free  phosphoric  acid,  and  to 
alkaline  and  alkaline  earthy  phosphates,  but  cannot  be  employed  ii 
presence  of  sesquioxide  of  iron  and  alumina.  Dissolve  the  substance  ir 
water  or  the  least  possible  quantity  of  acetic  acid,  add  5  c.  c.  of  b  solution, 
dilute  to  50  c.  c,  proceed  with  the  addition  of  uranium  as  above,  and 
count  '005  gnn.  P  O5  for  every  c.  c.  used.     The  results  are  satisfactory. 

J I    Separation  of  Phosphoric  Acid  from  the  Bases. 

§135. 

a.  From  the  Alhdies  (see  also  d^  hy  Jc). 

a.  Add  chloride  of  ammonium,  then  acetate  of  lead,  exactly,  till  no 
more  precipitate  is  produced,  filter  off  the  precipitate  consisting  of  phos- 
phate and  chloride  of  lead,  wash,  precipitate  from  the  filtrate  the  slight 
excess  of  lead  by  sulphuretted  hydrogen,  filter  and  evaporate  with  hy- 
drochloric acid  (except  in  the  case  of  lithia,  when  sulphuric  acid  is  sub- 
stituted for  the  hydrochloric  acid).  If  the  phosphoric  acid  is  to  be 
estimated  in  the  same  portion,  proceed  with  the  first  precipitate  (after 
washing  to  remove  the  larger  quantity  of  chloride),  according  to  6. 

^.  (Only  applicable  in  the  case  of  fixed  alkalies.)  Separate  the  phos- 
phoric acid  as  ])hosphate  of  sesquioxide  of  iron,  according  to  one  of  the 
methods  given  §  134^  J,  or  as  basic  phosphate  of  magnesia,  according  to 
§  134,  e.  The  alkalies  are  contained  in  the  filtrate  as  nitrates  or  metal- 
Uc  chlorides. 

ft.  Fi'om  JSari/ta^  Strontia,  Zdme,  and  Oxide  of  Lead, 
The  compound  under  examination  is  dissolved  in  hydrochloric  or 
nitric  acid,  and  the  solution  precipitated  with  sulphuric  acid  in  slight 
excess.  In  the  sepai-ation  of  phosphoric  acid  from  strontia,  lime,  and 
oidde  of  lead,  alcohol  is  added  with  the  sulphuric  acid.  The  phosphoric 
acid  in  the  filtrate  is  determined  according  to  §  134,  6,  a  (after  removal 
of  the  alcohol  by  evaporation).  The  determination  of  the  phosphoric 
acid  is  effected  most  accurately  by  saturating  the  fluid  with  carbonate 
of  soda,  evapoiutiug  to  dryness,  and  fusing  the  residue  with  the  carbonates 
of  soda  and  potassa.  The  fused  mass  is  then  dissolved  in  water,  and  the 
further  process  conducted  as  in  §  134,  6,  a. 

e.  Froia  Magnasia  (see  also  (£,  hy  k)» 

The  phosphoric  acid  is  separated  as  in  §  134,  dy  a;  and  the  magnesia 
and  baryta  in  the  filtrate  are  separated  in  the  manner  described  §  154. 

d.  From  the  whole  of  the  Alkaline  Earths  and  fixed  Alkalies  (comp. 

a.  Dissolve  in  the  least  possible  quantity  of  nitric  acid,  add  a  little 
chloride  of  ammonium,  precipitate  exactly  with  basic  acetate  of  lead,  pre- 
cipitate the  excess  of  lead  i*apidly  from  the  filtrate  by  means  of  a  little 
sulphuretted  hydrogen,  filter  and  determine  the  bases  in  the  filtiate. 
Results  good. 

0.  Dissolve  in  water,  and — ^in  the  case  of  alkaline  earthy  phosphates 
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— the  least  possible  nitric  acid,  add  neutral  nitrate  of  silver  and  tlien 
carbonate  of  silver,  till  the  fluid  reacts  neutral.  AU  phosphoric  add 
now  separates  as  3  Ag  O,  P  O,.  Warming  is  unnecessary.  Filter,  wash 
the  precipitate,  dissolve  it  in  dilute  nitric  acid,  precipitate  the  siiYeT 
with  hydrochloric  acid,  and  determine  the  phosphoric  acid  in  the  filtrate 
according  to  §  134  6,  a.  The  filtrate  from  the  phosphate  of  silver  is 
treed  from  silver  by  hydrochloric  acid,  and  the  bases  are  then  deter- 
mined according  to  the  methods  already  given  (G.  Chancel*).  A 
good  and  convenient  method.  (If  the  substance  contains  alumina  or 
sesquioxide  of  iron,  these  bases  are  completely  precipitated  by  the  car- 
bonate of  silver,  and  are  found  mixed  with  the  phosphate  of  silver.) 

7.  Separate  the  phosphoric  acid  as  phosphate  of  sesquioxide  of  uranium 
(§  134,  c),  and  the  excess  of  sesquioxide  of  uranium  from  the  alkaline 
eai-ths,  &c.,  in  the  filtrate,  according  to  §  161,  Supplement.    Results  good. 

S.  Separate  the  phosphoric  acid  according  to  §  134,  <£,  /3  or  7.  The 
alkaline  earths  are  obtained  in  solution,  in  the  first  case,  as  metallic 
chlorides  together  with  alkaline  acetate  and  alkaline  metallic  chloride ; 
in  the  second  case  as  nitrates.     Results  good. 

e,  Jl^rom  Alumina  (see  also  h  and  Jc). 

a.  (Otto  and  Fresenius,  applicable  in  presence  of  sesquioxide  of 
iron.)  Dissolve  in  hydrochloric  or  nitric  acid,  dilute  a  little,  add  a  tol- 
era>>le  quantity  of  tartaric  acid,  and  then  ammonia  in  excess.  If  you 
have  added  sufficient  tartaric  acid,  the  fluid  must  now  appear  clear. 
Add  magnesia-mixture  in  slight  excess,  and  allow  to  stand  at  rest  for  24 
houi-s  in  a  covered  vessel  without  warming,  then  filter,  and  wash  the 
))recipitate  with  dilute  solution  of  ammonia ;  to  free  it  completely  from 
alumina,  sesquioxide  of  iron,  and  basic  tartrate  of.  magnesia,  redissolve 
it  in  hydrochloric  acid,  add  a  very  little  tartaric  acid,  and  reprecipitate 
with  ammonia.  Treat  the  precipitate  now  as  directed  in  §  134,  6,  a.  To 
obtain  the  alumina  contained  in  the  filti-ate,  add  some  nitrate  of  potassa 
and  a  sufficient  quantity  of  carbonate  of  soda  to  eflect  tlie  decomposition 
of  the  chloride  of  ammonium,  f  evapoiute  to  dryness,  and  ignite  the  resi- 
due ill  a  platinum  vessel.  Dissolve  in  nitric  or  hydrochloric  acid  by 
continued  application  of  heat,  and  separate  the  alumina  from  the  magne- 
sia as  directed  in  §  156.  This  method  is  only  to  be  recommended  when 
the  quantity  of  the  alumina,  of  the  sesquioxide  of  iron,  and  of  the  fr«e 
acid  is  not  too  large,  since  [phosphate  of  magnesia  and  ammonia  is  con- 
siderably soluble  in  solutions  of  sesquisalts  of  iron  J  and  alumina.  §]. 

»5.  (Wackenroder  and  Fresenius.)  Precipitate  the  not  too  acid 
solution  wi^Ji  ammonia,  taking  care  not  to  use  a  great  excess  of  that 
reagent,  and  add  chloride  of  barium  as  long  as  a  precipitate  continues 
to  fonn.  Digest  for  some  time,  and  then  filter.  The  precipitate  con- 
tains the  whole  of  the  alumina  and  the  whole  of  the  phosphoric  add; 
the  latter  combined  partly  with  alumina,  partly  with  baryta.  Filter  it 
ofl*,  wash  it  a  little,  and  dissolve  in  the  least  possible  quantity  of  hydro- 
chloric acid.  Warm,  saturate  the  solution  with  carbonate  of  baryta,  add 
pure  hydrate  of  potassa  in  excess,  apply  heat,  precipitate  the  barytc 

»  Compt.  rend.  49,  997. 

f  The  ignition  of  almnina  in  presence  of  chloride  of  ammoniuik  would  enteil 

Hi  by  the  escape  of  chloride  of  aluminium  (H.  Bose). 

[X  Dick,  Memoirs  of  Geological  Surveys  of  Great  Britain,  1,  54.'; 

{§  Knapp,  Fres.  Zeitschrift,  iv.,  151.] 
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which  tbe  solution  may  contain  with  carbonate  of  sotla,  and  filter.  Ton 
have  now  the  whole  of  the  alumina  in  the  solution,  the  whole  of  the 
phosphoric  acid  in  the  precipitate.  Acidify  the  sohition  with  hydro- 
chloric acid,  boil  with  some  chloi-ate  of  potassa,  and  precipitate  as 
directed  §  105.  Dissolve  the  precipitate  in  hydrochloric  acid,  precijii- 
tate  the  baiyta  with  dilute  sulphuric  acid,  filter,  and  determine  the 
phosphoric  acid  in  the  filtrate  by  precipitation  with  solution  of  magne- 
sia in  the  manner  described  in  §  134,  b,  a.  (Hermann  has  applied  a  per- 
fectly similar  method  in  his  analysis  of  [impure]  gibbsite.) 

f,  JFVom  SeiquU»xule  of  Chromium  (see  also  hy  k). 
Fuse  with  carbonate  and  nitrate  of  soda,  and  separate  the  chromic 
add  and  phosphoric  acid  in  the  manner  described  §  166. 

ff.  From  the  JfeiaUic  Oxides  of  the  Fourth  Group  (see  also  7i.,  k). 

a.  Fuse  with  carbonate  of  soda.  Keep  in  fusion  for  some  time,  and  then 
boil  the  fused  mass  with  water.  Filter  and  wash  the  undissolved  residue. 
The  filtrate  contains  the  phosphoric  acid  combined  with  soda ;  determine 
the  acid  as  directed  in  §  134,  6,  a.  Dissolve  the  i-esidue,  which  generally 
retains  alkali,  in  acid,  and  determine  the  metal  by  the  appropiiate  metho<l. 

Should  a  small  portion  of  manganic  acid  have  got  into  the  solution, 
this  is  removed  by  a  little  sulphuretted  hydrogen  water. 

^.  Di88olve  in  hydrochloric  acid,  add  tartaric  acid,  chloride  of  ammo- 
nium^  and  ammonia,  and  finally,  in  a  flask  which  is  to  be  closed  after- 
wards, sulphide  of  ammonium,  put  the  fiask  in  a  modei^tely  wai*m  place, 
allowing  tie  mixture  to  deposit  until  the  fluid  appeal's  of  a  yellow  color, 
without  the  least  tint  of  green ;  filter,  and  determine  the  metals  as  di- 
rected in  §§  108  to  114.  The  phosphoric  acid  is  found  from  the  loss,  or 
determined  accoi*diug  to  §  134,  6,  a.  The  magnesia-mixture  may  inmie- 
diately  be  added  to  the  filtrate,  which  contains  sulphide  of  ammonium. 
The  washed  precipitate  is  once  more  dissolved,  and  the  solution  repre- 
cipitated  as  in  e,  or.  This  method  is  not  well  adapted  for  the  analysis 
of  the  phosphate  of  nickel. 

7.  (Special  method  for  effecting  the  separation  of  phosphoric  acid 
from  the  oxides  of  iron,  R.  Arendt  and  W.  Kxop  *).  Dissolve  in 
hydrochloric  acid  to  the  least  possible  volume  of  fluid,  add  to  the  clear 
solution  protochloride  of  uranium  f ,  until  the  color  inclines  distinctly  tu 
green,  and  a  drop  of  sulphocyanide  of  potassium  no  longer  produces  a 
red  tint  in  the  fluid.  Add  now  ammonia  to  distinct  alkaline  reaction, 
then  acetate  of  sesquioxide  of  uranium,  and  free  acetic  acid,  together 
with  a  few  dro^js  of  solution  of  acetate  of  protoxide  of  uranium,^  and 

♦  Chem.  Centralbl.  1867,  182. 

f  Preparation  of  tJie  Protochloride  of  Uranium. — Dissolve  carbonate  of  sesqui- 
oxide of  aranium  and  ammonia  in  double  the  quantity  of  hjdroohlorio  aoid  re- 
quired to  effect  solution,  add  a  few  drops  of  solution  of  bichloride  of  platinum, 
and  throw  into  the  mixture  an  excess  of  fine  copper  tumingfs.  Heat,  and  let  the 
mixture  boil  from  10  to  15  minatea.  The  fluid  speedily  acquires  a  green  color, 
snd  the  conversion  of  chloride  to  sabchloride  is  soon  effected.  To  separate  the 
flinoWed  sabchloride  of  copper,  let  the  mixture  boil  until  water  produces  a 
oopious  precipitate  in  a  sample  of  it.  When  this  point  is  attained,  dilute  the  en- 
tire solution,  allow  X  to  cool,  filter  off  the  subchloiide  of  copper,  transmit 
through  the  filtrate  sulphuretted  hydrogen  in  excess ;  filter  off  the  precipitated 
■nbauiphide  of  copper,  mix  the  solution  with  chloride  of  ammonium,  and  boil  un- 
til all  sulphuretted  hydrogen  has  escaped.  B.  Arendt  and  W.  Knop,  Chem.  Cen- 
tcaibL,  1857.  164. 

X  Preparation  of  Acetate  of  Protoxide  of  Uranium, — Precipitate  solution  of 
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heat  to  boiling.  The  color  of  the  mixture  must  appear  distinctly  green- 
ish, and  not  dirty.  Let  the  solid  particles  completely  subside,  and  then 
decant  on  to  a  iilter ;  boil  the  precipitate  with  water  and  some  chloride 
of  ammonium,  and  decant  again.  Kepeat  this  operation  once  more,  and 
then  treat  the.  precipitate  as  directed  in  §  134,  c.  Sepai*ate  the  ui'anium 
and  iron  in  the  filtrate  as  directed  §  161,  Supplement.  11^  results  are 
satisfactory.  The  addition  of  the  protochloride  of  uranium  has  for  ila 
object  the  reduction  of  the  sesquichloride  of  iron  to  protochlcnde. 

8.  (Special  method  for  effecting  the  separation  of  phosphoric  acid  from 
the  oxides  of  iron,  Fresenius.)  Beduce  the  sesquioxide  of  iron  in  the 
solution,  if  necessary,  with  sulphite  of  soda,  add  pure  hydrate  of  potassa 
in  excess,  boil  until  the  precipitate  has  become  black  and  granular,  filter, 
and  wash  with  boiling  water.  The  precipitate  on  the  filter  is  protoses- 
quioxide  of  iron,  free  from  phosphoric  acid.  The  phosphoric  acid  in  the 
filtrate  is  determined  as  directed  in  §  134,  by  a. 

h.  From  Metallic  Oxides  of  the  Second^  Third,  and  Fourth  Grroups^ 
More  especially  from  the  alkaline  earths,  alumina,  the  protoxides  of 
manganese,  nickel,  and  cobalt,  and  oxide  of  zinc ;  also  from  sesquioxide 
of  iron,  if  the  quantity  of  the  latter  is  not  too  considerable. 

The  phosphoric  acid  is  precipitated  as  phosphate  of  binoxide  of  tin, 
according  to  the  directions  of  8  134,  6,  y.  The  filtrate  contains  the 
bases  free  from  any  foreign  body  requiring  removal,  which,  of  course, 
greatly  facilitates  their  estimation. 

t.  From  Hie  Metals  of  the  FifHi  and  Sixth  Groups, 
Dissolve  in  hydrochloric  or  nitric  acid,  precipitate  with  sulphuretted 
hydrogen,  filter,  determine  the  bases  by  the  methods  given  in  §§  115  to 
127,  and  the  phosphoric  acid  in  the  filtrate  by  the  method  described 
§  134,  5,  a.  From  oxide  of  silver  the  phosphoric  acid  is  separated  in  a 
more  simple  way  still,  by  adding  hydrochloric  acid  to  the  nitric  acid  sola- 
tion ;  from  oxide  of  lead  it  is  sepai'ated  most  readily  by  the  method  described 
ill  h. 

k.  From  aU  leases  wiilwut  excejytion. 

Apply  Sonnenschein's  method  (§  134,  6,  3),  and  in  the  filtrate  from 
the  phospho-molybdate  of  ammonia  separate  the  bases  from  the  molybdic 
acid.  As  molybdic  acid  comports  itself  with  sulphuretted  hydrogen 
and  sulphide  of  ammonium  like  a  metal  of  the  sixth  group,  it  is  best  to 
precipitate  metals  of  the  sixtli  and  also  of  the  fifth  group  from  acid 
solution  with  sulphuretted  hydrogen,  before  proceeding  to  precipitate  the 
phosphoric  acid  with  molybdic  acid ;  the  latter  will  then  have  to  be  sepa- 
rated only  from  the  metals  of  the  first  four  groups.  This  is  done  in  the 
following  manner :  mix  the  acid  fluid,  in  a  flask,  with  ammonia  till  it 
acquires  an  alkaline  reaction,  add  sulphide  of  ammonium  in  sufficient 
excess,  close  the  mouth  of  the  flask,  and  digest  the  mixture.  As  soon  aa 
the  solution  appears  of  a  reddish-yellow  color,  without  the  least  tint  of 
green,  filter  ofl*  the  fluid,  which  contains  sulphide  of  molybdenum  and 
ammonium,  wash  the  residue  with  water  mixed  with  some  sulphide  of 
ammonium,  and  separate  the  remaining  metallic  sulphides  and  hydrated 
oxides  of  the  fourth  and  third  groups  by  the  methods  which  will  be  fomid 
in  Section  V.     Mix  the  filtrate  cautiously  with  hydrochloric  acid  in  mode- 

pEotochloride  of  uranium  with  ammonia,  and  dlBSolye  the  precipitate  in  aoetlc 
add,  bast  a^  a  high  temperature. 
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rate  excess,  remove  the  sulphide  of  molybdenuiu  according  to  the  directions 
of  §  128,  c,  and  determine  the  alkaline  earths  and  alkalies  in  the  filtrate. 

This  method  of  separating  the  phosphoric  acid  from  the  bases  is  highly 
to  be  recommended ;  especially  in  cases  where  a  small  quantity  of  phos- 
phoric acid  has  to  be  determined  in  presence  of  a  very  large  quantity  of  ses- 
quioxide  of  iron  and  alumina,  as,  for  example,  in  iron  ores,  soils,  <bc.  A» 
arsenic  acid  and  silicic  acid  give,  with  molybdic  acid  auid  ammonia,  similai 
yellow  precipitates,  it  is  necessary,  if  these  acids  are  present,  to  remove 
them  iirst.  However,  even  if  a  little  silico-molybdate  of  ammonia  is  mixed 
with  the  phospho-molybdate,  the  estimation  of  the  phosphoric  acid  may 
yet  be  accurately  effected  (comp.  §  134,  &,  ^). 

As  the  separation  of  the  bases  from  the  large  excess  of  molybdic  acid 
used  is  somewhat  tedious,  the  best  way  is  to  arrange  mattei's  so  that  this 
process  may  be  altogether  dispensed  with.  Supposing,  for  instance,  you 
have  a  fluid  containing  sesquioxide  of  iron,  alumina,  and  phosphoric  acid, 
estimate,  in  one  portion,  by  cautious  precipitation  with  ammonia,  the  total 
amount  of  the  three  bodies ;  in  another  portion  the  phosphoric  acid,  by 
means  of  molybdic  acid ;  and  in  a  third,  the  sesquioxide  of  iron,  in  the 
volumetric  way.     The  difference  gives  the  alumina. 

§  136. 
2.  BoKAcic  Acid. 
L  DeterminaUan,  • 

The  determination  of  the  boracic  acid  in  an  aqueous  or  alcoholic  solution 
camiot  be  effected  by  simply  evaporating  the  fluid  and  weighing  the  residue, 
as  a  notable  portion  of  the  acid  volatilises  and  is  carried  off  with  the 
aqueous  or  alcoholic  vapor.  This  is  the  case  also  when  the  solution  is 
evaporated  with  oxide  of  lead  in  excess. 

Boracic  acid  is  estimated  either  indirectly  or  in  form  of  horofluoride 
of  potassium, 

1.  Indirect  Determination, 

a.  Mix  the  solution  of  the  boracic  acid  with  a  weighed  quantity  of  pure 
carbonate  of  soda,*  in  amount  about  1^  times  the  supposed  quantity  of  the 
boracic  acid  present.  Evaporate  the  mixture  to  dryness,  heat  the  residue 
to  fusion  and  weigh.  The  residue  contains  a  known  amount  of  soda,  and 
unknown  quantities  of  carbonic  acid  and  boracic  acid.  Determine  the 
carl>onic  acid  by  one  of  the  methods  given  in  §  139,  and  find  the  boracic 
acid  from  the  difference  (H.  Bose). 

b.  In  the  method  a,  if  between  1  and  2  eq.  carbonate  of  soda  are  used  to 
1  eq.  boracic  acid — and  this  can  easily  be  done  if  one  knows  approximately 
the  amount  of  the  latter  present — ^all  the  carbonic  acid  is  expelled  by  the 
boracic  a^-id.  Hence  we  have  only  to  deduct  the  NaO  from  the  residue  to 
find  the  BO3.  As  the  tumultuous  escape  of  carbonic  acid  may  lead  to 
loss,  it  is  well,  after  having  thoroughly  dried  the  residual  saline  mass, 
to  project  it  in  small  poiiions  cautiously  into  the  red  hot  crucible.     Results 

good  (F.  G-.  SuHAFFGOTSJHf). 

c.  If  a  solution  contains  alkalies  besides  boracic  acid,  the  latter  may  be 
ietarmined,  according  to  C,  MARiGNAC,Jin  the  following  manner: — Netv 

*  Fused  carbonate  of  soda  answers  the  parpose  best. 
t  P<«g.  Ann.  107,  437.  X  Zeitachrif t  f.  analyt.  Chem.  1,  40Qw 
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taralize  the  solution  with  hydrochloric  acid,  add  double  chloride  of  magne 
sium  and  ammonium  in  such  quantity  that  1  part  of  boracic  acid  may  ha v« 
at  least  2  parts  of  magnesia,  then  add  ammonia  and  evaporate  to  dr3nieffi; 
If  a  precipitate  is  formed  on  adding  the  ammonia  which  does  not  redissolve 
readily  on  warming,  add  more  chloride  of  ammonium.  The  evaporation 
is  conducted,  at  least  towards  the  end,  in  a  platinum  dish,  a  few  drops  of 
ammonia  being  added  from  time  to  time.  Ignite  the  dry  mass,  treat  with 
boiling  water,  collect  the  insoluble  precipitate  (consisting  of  borate  of 
magnesia  mixed  with  excess  of  magnesia)  on  a  filter,  and  wash  w^ith  boiling 
water  till  the  washings  remain  clear  with  nitrate  of  silver.  The  filtnit6 
and  washings  are  mixed  with  ammonia,  evaporated  to  dryness,  ignited,  and 
washed  with  boiling  water  as  before. 

The  two  insoluble  residues  ai-e  ignited  together  in  the  platinum  dish 
befon^  used,  as  strongly  as  possible,  and  for  a  sufficiently  long  time,  in 
order  to  decompose  the  slight  traces  of  chloride  of  magnesium  that  might 
still  be  present.  After  weighing  determine  the  magnesia  and  find  the 
boracic  acid  from  the  difference.  The  estimation  of  the  magnesia  may  be 
made  by  dissolving  the  residue  in  hydrochloric  acid  and  precipitating  as 
phosphate  of  magnesia  and  ammonia,  or  more  quickly,  and  almost  as 
accurately,  by  dissolving  in  a  known  quantity  of  standard  sulphuric  acid 
at  a  boiling  temperature  and  determining  the  excess  of  acid  with  standard 
soda  (comp.  Alkalimetry). 

Should  a  little  platinum  remain  behind  on  dissolving  the  residue,  it 
must  be  weighed  and  subtracted  from  the  weight  of  the  whole  (unless  the 
dish  was  weighed  first).  Results  satisfactory.  Mabionac  obtained  in  two 
experiments  0*276  instead  of  0*280. 

2.  If  boi*acic  acid  is  to  be  determined  as  horofluoride  of  poiasidwm,  alka- 
lies only  (preferably  only  potash)  may  be  present.  ITae  process  is  conducted 
as  follows : — Mix  the  fluid  with  pure  solution  of  potassa,  adding  for  ea»*h 
eq.  lK)i*acic  acid  supposed  to  be  present,  at  least  1  e*\^  potassa ;  add  pure 
hydrofluoric  acid  (free  from  silicic  acid)  in  excess,  and  evaporate,  in  a 
platinum  dish,  on  the  water-bath,  to  dryness.  The  fumes  from  the  evapo- 
rating tiuid  should  redden  litmus  paper,  otherwise  there  is  a  deficiency  of 
hydrofluoric  acid.  The  residue  consists  now  of  K  Fl,  B  Fl,  and  K  Fl, 
H  FL  Ti'eat  the  dry  saline  mass,  at  the  common  temperature,  with  a 
solution  o^  1  part  of  acetate  of  potassa  in  4  parts  of  water,  let  it  stand  a 
few  hours,  with  frequent  stirring,  then  decant  the  fluid  portion  on  to  a 
weighed  filter,  and  wash  the  pi'ecii)itate  repeatedly  in  the  same  way, 
finally  on  the  filter,  with  solution  of  acetate  of  potassa^  until  the  last 
linsings  are  no  longer  precipitated  by  chloride  of  calcium.  By  this  course 
of  proce4jding  the  hydrofluate  of  fluoride  of  potassium  is  removed,  without 
a  paiiiicle  of  the  borofluoride  of  {)otassium  being  dissolved.  To  remove 
the  acetate  of  potassa,  wash  the  precipitate  now  with  spirit  of  wine  of  085 
sp.  gr.,  dry  at  100°  and  weigh.  As  chloride  of  potassium,  nitrate  and 
phosphate  of  potassa,  salts  of  soda,  and  even,  though  with  some  difficulty, 
sulphate  of  potassa,  dissolve  in  solution  of  acetate  of  potassa,  the  presence 
of  these  salts  does  not  interfere  with  the  estimation  of  the  boracic  acid ; 
however,  salts  of  soda  must  not  be  present  in  considerable  proportion,  as 
fluoride  of  sodium  dissolves  with  very  great  difficulty.  The  results  ob- 
tained by  this  method  are  satisfactory.  Stromeyer's  experiments  gave 
Grom  97*5  to  100*7,  instetid  of  100.  For  the  composition  and  propertia 
of  borofluoride  of  potassium,  see  §  93,  6.  As  the  salt  is  very  likely  to 
contain  ^^  icofluoride  of  potassium  it  is  iadispensable  to  test  it  for  thatsab- 
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stance ;  tliis  is  done  by  placing  a  small  sample  of  it  on  moist  blue  litmui 
paper^  and  puttuig  another  sample  into  cold  concentrated  sulphuric  acid. 
If  the  blue  paper  turns  red,  and  effervescence  ensues  in  the  sulphuiic  acid^ 
the  salt  is  impure,  and  contains  silicofluoride  of  potassium.  To  remove 
this  impuiity,  dissolve  the  remainder  of  the  salt,  after  weighing  it,  in 
boiling  water,  add  ammonia,  and  evaporate,  I'edissolve  in  boiling  water, 
acid  ammonia,  <fec.,  re})eating  the  same  operation  at  least  six  times.  Finalh''| 
after  warming  once  more  with  ammonia,  filter  off  the  silicic  acid,  eva{>orate 
to  dryness,  and  treat  again  with  solution  of  acetate  of  potiissa  and  alcohol 
(A.  8TROMEYER*).  I  was  obliged  to  modify  Stromeyer's  method  for 
effecting  the  separation  of  the  silicic  acid,  the  results  of  my  expeiimenta 
having  convinced  me  that  treating  the  salt  only  once  with  ammonia,  as 
recommended  by  that  chemist,  is  not  sufficient  to  effect  the  object  in  view. 

II.  Separation  of  Horacic  Acid  from  tJ^e  JBases, 

a.  Frovi  the  Alkalies. 

Dissolve  a  weighed  quantity  of  the  borate  in  water,  add  an  excess  of 
hydrochloric  acid,  and  evaporate  the  solution  on  the  wn tor-bath.  To- 
wards the  end  of  the  operation  add  a  few  more  drops  of  hydrochloric 
acid,  and  keep  the  residue  on  the  water-bath,  until  no  more  hydrochloric 
acid  vapors  escape.  Determine  now  the  chlorine  in  the  residue  (§  141), 
calculate  from  this  the  alkali,  and  you  will  find  the  boracic  acid  from  the 
difierence. 

E.  StJHWEiZER,  with  whom  this  method  originated,  states  that  it  gave 
him  very  satisfactory  results  in  the  analysis  of  borax.  It  will  answer 
also  for  the  estimation  of  the  bases  in  the  case  of  some  other  boi*ates.  It 
Ltt  self-evident  that  the  boracic  acid  may  be  estimated,  in  another  portion 
of  the  salt,  by  I.,  1,  c,  or  2.  If  you  have  to  estimate  boracic  acid  in 
presence  of  large  propoi*tions  of  alkaline  salts,  make  the  fluid  alkaline 
with  potassa,  evaporate  to  dryness,  extract  the  residue  with  alcohol  and 
some  hydrochloric  acid,  add  solution  of  potassa  to  strongly  alkaline  re- 
action, distil  off  the  spirit  of  wine,  and  then  proceed  as  in  I.,  1,  r,  or  2 
(Auo.  Stromeysr,  he.  cit). 

6.  JProm  alfnost  all  other  J^ases. 

The  compounds  are  decomposed  by  boiling  or  fusing  with  carbonate 
or  hydrate  of  potassa ;  the  precipitated  base  is  filtered  off,  and  the  bora- 
cic acid  determined  in  the  filti-ate,  according  to  the  directions  of  I.,  1 ,  c, 
or  2.  If  magnesia  was  present,  a  little  of  this  is  very  likely  to  get  into 
the  filtrate,  and — if  process  I.,  2,  is  employed — upon  neutralizing  with 
hydrofluoric  acid,  this  separatees  as  insoluble  fluoride  of  magnesium, 
which  may  either  be  filtered  off  at  once,  or  removed  subsequently,  by 
treating  the  boro-fluoiide  of  potassium  with  boiling  water,  in  which  that 
salt  is  soluble,  and  the  fluoride  of  magnesium  insoluble. 

c.  JFVom  Hie  Metallic  Oxides  of  the  Fourth,  Fifth  and  Sixtlt  Grroups. 

The  metallic  oxides  are  precipitated  by  sulphuretted  hydrogen,  or,  as 
the  case  may  be,  sulphide  of  ammonium,  and  determined  by  the  appro- 
priate methods.  The  quantity  of  boracic  acid  may  often  be  infeiTcd 
from  the  loss.  If  it  has  to  be  estimated  in  the  direct  way,  the  filtrate, 
after  addition  of  solution  of  potassa  and  some  nitrate  of  potassa,  is  eva* 


•  AnnaL  d.  Ohem.  u.  Pharm.  100,  83. 
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r)rated  to  drjneRS,  the  residue  ignited,  and  the  boracic  aoid  estimated  b} 
,  1  c,  or  2.  In  cases  where  the  metal  has  been  precipitated  by  ruI 
phuretted  hydrogen  from  acid  or  neutral  solutions,  the  boracic  acid  ma) 
also  be  determined  in  the  filtrate— in  the  absence  of  other  acids — by 
I.,  1  a  or  6,  after  the  complete  removal  of  the  sulphuretted  hydi'ogeu 
by  transmitting  carbonic  acid  through  the  fluid* 

d.  From  tJie  wlwle  of  the  Fixed  JBaaes. 

A  portion  of  the  very  finely  pulverized  compound  under  examination 
is  weighed,  put  into  a  capacious  platinum  dish,  and  digested  witli  a  suf- 
ficient quantity  of  hydrofluoric  acid  ;  pure  concentrated  sulphuiicacid  is 
then  gradually  added,  drop  by  drop,  and  the  mixture  heated,  gently  at 
first,  then  more  strongly,  until  the  excess  of  the  sulphunc  acid  is  com- 
pletely expelled.  In  this  operation  the  boracic  acid  goes  ofl'  in  the  form 
of  fluoride  of  boron  (B  Oj-f  3  H  F1=B  Flj+a  H  O).  The  residue  con- 
tains the  bases  in  the  form  of  sulphates ;  the  bases  ai*e  determined  by 
the  appropriate  methods,  and  the  quantity  of  the  boracic  acid  is  infened 
from  the  diflerence  between  the  weight  of  the  separated  base  and  that  of 
the  analyzed  borate.  The  application  of  this  method  presupposes,  of 
coui'se,  that  the  analyzed  compound  is  decomposable  by  sulphuric  acid. 

§  137. 
3.  Oxalic  Acid. 
I.  Determination. 

Oxalic  acid  is  either  precipitated  as  oxalate  of  limey  and  the  latter 
determined  as  carbonate  of  lime  y  or  the  amount  contained  in  a  com- 
jxjund  is  infeiTod  from  the  quantity  of  solution  of  permanganate  of 
poxassa  required  to  eflect  the  conversion  into  carbonic  acid  ;  or  from  the 
quantity  of  gold  which  it  reduces ;  or  from  the  amount  of  carbonic  acid 
>vhich  it  yields  upon  accession  of  1  eq.  oxygen. 

a.  Determination  as  Ca/rbonate  of  Lime. 

Precipitate  with  solution  of  aceti^  ^e  of  lime,  added  in  moderate  excess, 
and  treat  the  precipitated  oxala  ^  if  lime  as  directed  in  §  103.  If  this 
method  is  to  yield  accurate  results,  vue  solution  must  be  neutral  or  slightly 
acid  with  acetic  acid  ;  it  must  not  contain  alumina,  sesquioxide  of  chi-o- 
mium,  '^r  oxides  of  the  heavy  metals,  more  especially  sesquioxide  of  iron 
or  oxide  of  coi>])er ;  therefore,  where  these  conditions  do  not  exist,  they 
must  first  be. supplied. 

b.  Determination  hy  means  of  Solution  of  Permanganate  of  PotoAsa. 
Determine  the  strength  of  the  solution  of  permanganate  of  ]>otassa,  as 

directed  p.  196,  cc,  by  means  of  oxalic  acid;  then  dissolve  the  compound 
in  which  the  oxalic  acid  is  to  be  estimated,  and  which  must  be  free  from 
all  other  bodies  that  might  act  on  solution  of  permanganate  of  |>otassa, 
in  400  or  500  parts  of  water,  or,  as  the  case  may  be,  acid  and  water ; 
add,  if  necessary,  a  further,  not  too  small,  quantity  of  sulphuric  acid, 
heat  to  about  60°,  and  then  add  the  permanganate,  drop  by  drop,  with 
constant  stirring,  until  the  fluid  just  shows  a  red  tint  (compare  p.  190) 
Knowing  the  quantity  of  oxalic  acid  which  100  c.  c.  of  the  standard  ytsr 
manganate  will  oxidize,  a  simple  calculation  will  give  the  quantity  of 
oxalic  acid  corresponding  to  the  c.  c.  of  permanganate  used  in  the  ex 
periinent.     The  results  are  very  accurate. 
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a  IhAvnniiTialion  frcyia  the  reduced  Gold  (H.Eose). 

a.  In  Compounds  soluble  in  Water. 

Add  to  the  solution  of  the  oxalic  acid  or  the  oxalate  a  solution  oi 
Bodio-terchloride,  or  ammonio-terchloride  of  gold,  and  digest  for  some 
time  at  a  temperature  near  ebullition,  with  exclusion  of  direct  sunlight. 
Collect  the  precipitated  gold  on  a  filter,  wash,  dry,  ignite,  and  weigh. 
1  eq.  gold  (196)  corresponds  to  3  eq.  C,  Oj  (3x36=108). 

j3.  Tn  Compounds  insoluble  in  Water. 

Dissolve  in  the  least  possible  amount  of  hydrochloric  acid,  dilute 
with  a  very  large  quantity  of  water,  in  a  capacious  flask,  cleaned  pre- 
viously with  solution  of  soda ;  add  solution  of  gold  in  excess,  boil  the 
mixture  some  time,  let  the  gold  subside,  taking  care  to  exclude  sunlight, 
and  proceed  as  in  a. 

d.  Determination  as  Carbonic  Add, 

This  may  be  effected  either, 

a.  By  the  method  of  organic  analysis  (§  174) ;  or, 

13.  By  mixing  the  oxalic  acid  or  oxalate  with  finely  pulveiized  binox- 
ide  of  manganese  in  excess,  and  adding  sulphuric  acid  to  the  mixture,  in 
an  apparatus  so  constructed  that  the  disengaged  carbonic  acid  passes  off* 
perfectly  dry. 

The  *^^eory  of  this  method  may  be  illustrated  by  the  following  equa- 
tion' 

€,  Oa+Mn  0,4-S  Or=Mn  O,  S  03+2  C  O., 

For  each  1  eq.  oxalic  acid  we  obtain  accordingly  2  eq.  carbonic  acid. 
For  the  apparatus  and  process,  I  refer  to  the  chapter  on  the  examination 
of  manganese  oi-es,  in  the  special  part  of  this  work.  Here  I  may  remark 
that  free  oxalic  acid  must  first  be  prepared  for  the  process  by  slight 
^persaturation  with  ammonia,  and  also  that  9  parts  of  anhydi-ous  ox- 
alic acid  require  theoretically  1 1  parts  of  (pure)  binoxide  of  manganese. 
iSince  an  excess  of  the  latter  substance  does  not  interfei*e  with  the  accu- 
racy of  the  results,  it  i&  easy  to  find  the  amount  to  be  added.  The 
binoxide  of  manganese  need  not  be  pure,  but  it  must  contain  no  carbon- 
ate. This  method  is  expeditious,  and  gives  very  accurate  results,  if 
the  process  is  conducted  in  an  apparatus  sufficiently  light  to  admit  of 
the  use  of  a  delicate  balance. 

Instead  of  binoxide  of  manganese,  chromate  of  potassa  may  be  used  • 
(compare  §  130,  c.) 

II.  SepcBTotion  of  Oxalic  Add  from,  the  JBases, 

The  most  convenient  way  of  analyzing  oxalates  is,  in  all  cases,  to 
determine  in  one  poi*tion,  the  acid,  by  one  of  the  methods  given  in  I.,  in 
another  portion,  the  base,  particularly  as  the  latter  object  may  be  gene- 
rally effected  by  simple  ignition  in  the  air,  which  reduces  the  salt  either 
to  the  metallic  state  (e.  ^.,  oxalate  of  silver),  or  to  pure  oxide  (e.  g.  oxa'- 
late  of  lead),  or  to  carbonate  (e,  g.^  the  oxalates  of  the  alkalies  and  alka- 
iixie  earths.) 

If  acid  and  base  have  to  be  determined  in  one  and  the  same  portioii 
of  the  oxalate,  the  following  methods  may  be  resorted  to : 

A.  The  oxalic  acid  is  determined  by  I.,  c,  and  the  gold  separated  from 
Uie  baaoo  in  the  filtrate  by  the  methods  given  in  Section  Y. 
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&  111  rnanv  soluble  salts  the  oxalic  acid  may  be  determiueJ  by  thf 
method  I.,  a;  separating  the  bases  aftemt'ards  from  the  excess  of  the 
salt  of  1  me  by  the  methods  given  in  Section  Y . 

c.  Many  oxalates  whose  bases  are  precipitated  by  carbonate  of  potassa 
or  carbonate  of  soda,  and  are  insoluble  in  an  excess  of  the  precipitant, 
may  be  decomposed  by  boiling  with  an  excess  of  solution  of  carbonate 
of  potassa  or  carbonate  of  soda,  oxide  or  carbonate  being  formed  on  ihk 
one,  and  alkaline  oxalate  on  the  other  side. 

d.  All  salts  of  oxalic  acid  with  the  oxides  of  the  fourt.i,  fifth,  and 
sixth  groups,  may  be  decomposed  with  sulphuretted  hydi*ogen,  or  sul- 
phide of  ammonium. 

§  138. 
4.  Hydrofluoric  Acid. 

I.  DetenntfuUion. 

Free  hydrofluoric  acid  in  aqueous  solution  is  best  determined  aa 
Jluoride  of  calcium.  For  this  purpose,  carbonate  of  soda  is  added 
in  moderate  excess,  then  a  solution  of  chloride  of  calcium  as  long  as  a 
precipitate  continues  to  form  ;  when  the  precipitate,  which  consists  of 
fluoride  of  calcium  and  carbonate  of  lime,  has  subsided,  it  is  washed,  first 
by  decantation,  afterwards  on  the  filter,  and  dried ,  when  dry,  it  is  ignited 
in  a  platinum  crucible  (§  53) ;  water  is  then  poured  over  it,  in  a  platinum 
or  porcelain  dish,  acetic  acid  added  in  slight  excess,  the  mixture  evaporated 
to  dryness  on  the  water-bath,  and  heated  on  the  latter  until  all  odor  of 
aortic  acid  disappears.  The  residue,  which  consists  of  fluoride  of  calcium 
and  acetate  of  lime,  is  heated  with  water,  the  fluoride  of  calcium  filtered 
off,  washed,  dried,  ignited  (§  53),  and  weighed.  If  the  precipitate  of 
fluoride  of  calcium  and  carbr>nate  of  lime  were  treated  with  acetic  acid, 
without  previous  ignition,  the  washing  of  the  fluoride  would  prove  a 
difficult  operation.  Presence  of  nitric  or  hydrochloric  acid  in  the  aque- 
ous solution  of  the  hydrofluoric  acid  does  not  interfere  with  the  process 
(K.  Rose). 

IL  Separation  of  Fluorine  from  Uie  Metals. 

a.  Soluble  Fly/>ride8, 
If  the  solutions  have  an  acid  reaction,  carbonate  of  soda  is  added  in 
excess.  If  this  produces  no  precipitate,  the  fluorine  is  determined  by 
the  method  given  in  I.,  and  the  bases  in  the  filtrate  are  separated  from 
the  excess  of  lime,  and  from  the  soda,  by  the  methods  given  in  Section 
V.  But  if  the  carbonate  of  soda  produces  a  precipitate,  the  mixture  is 
heated  to  boiling,  then  filtei-ed,  and  the  fluorine  deterramed  in  the  fil« 
trate  by  the  method  given  in  f. ;  the  base  is  in  the  residue,  which  nnist, 
however,  first  be  tested,  to  make  sure  that  it  contains  no  fluoiine.  Neu- 
tral solutions  are  mixed  vdih  a  sufiicient  quantity  of  chloride  of  calcium, 
and  the  mixture  heated  to  boiling  in  a  platinum  dish,  or,  but  less  a]>> 
propriately,  in  a  porcelain  dish ;  the  precipitate  of  fluoride  of  calcium  ia 
allowed  to  subside,  thoroughly  washed  with  hot  water  by  decantation, 
transferred  to  the  filter,  dried,  ignited,  and  weighed.  The  bases  in  tho 
filtrate  are  then*  sej)arated  from  the  excess  of  the  salt  of  lime  by  tho 
naaal  methods.  That  the  bases  may  be  determined  also  in  separate  poi^ 
dons  by  the  methods  given  in  &,  need  hai-dly  be  stated. 
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6.  Tnsolvhle  Flv^mdes, 

a.  Anhydrous  insoluble  Fluorides. 

The  finely  pulverized  and  accurately  weighed  substance  is  heated  for 
some  time  with  pure  concentrated  sulphuric  acid,  and  finally  ignited  until 
the  free  sulphuric  acid  is  completely  expelled.  The  residuary  sulphate  is 
weighed,  and  the  metal  contained  in  it  calculated.  The  difference  between 
the  calculated  weight  of  the  metal  and  that  of  the  original  fluoride  shows 
the  amount  of  fluorine  originally  present  in  the  analyzed  compound.  In 
cases  where  we  have  to  deal  with  a  metal  whose  sulphate  gives  off*  part  of 
the  sulphuiic  acid  upon  ignition,  or  where  the  residue  contains  several 
metals,  it  is  necessary  to  subject  the  residue  to  analysis  befoi'e  this  cal< 
eolation  can  be  made. 

i3.  Hydraied  insoluble  Fluorides, 

A  sample  of  the  compound  under  examination  is  heated  in  a  tube. 

cut.    The  Water  expelled  does  not  redden  Litmus  Paper. 

In  this  case  the  amount  of  water  present  is  ascertained  by  igniting  the 
hydrated  compound,  and  the  fluorine  and  metal  are  subsequently  deter- 
mined as  directed  in  II.,  b,  a. 

hb»    Tlis  Water  expelled  has  an  acid  reaction. 

The  fluoride  imder  examination  is,  in  the  first  place,  treated  with  sul- 
phuric acid,  as  directed  in  II.,  6,  a,  to  determine  the  metal  on  the  one  hand, 
and  the  water  -f  fluoiine  on  the  other.  Another  weighed  portion  is  then 
mixed,  in  a  small  retort,  with  about  C  ])arts  of  recently  ignited  oxide  of 
lead  ;  the  mixture  is  covered  with  a  layer  of  oxide  of  lead,  the  retort 
weighed,  and  the  water  expelled  by  the  application  of  heat,  increased 
gradually  to  redness.  No  hydrofluoric  acid  escapes  in  this  process.  Tlie 
weight  of  the  expelled  water  is  inferi-ed  from  the  loss.  The  first  oi)eration 
having  given  ns  the  water  H-  fluorine,  and  the  second,  the  water  alone,  the 
diflTerence  is  consequently  the  fluorine. 

In  the  fifth  section  we  shall  have  occasion  to  speak  of  another  method  of 
determining  fluorine  (in  the  chapter  on  the  separation  of  fluorine  from 
silicic  acid). 

Fourth  Division  of  the  First  Group  of  the  Adda, 
Cakbonic  Acid — Silicic  Acid. 

§  139. 
1.  Caubonic  Acid. 
I.  Dete7*minatio7i. 

a.  Tn  a  mixture  of  Gases, 

After  thoroughly  drying  the  gases  with  a  ball  of  chloride  of  calcium, 
measure  them  accurately,  in  a  graduated  tube  over  mercury,  insert  a 
moistened  ball  of  hydi*ate  of  potassa,  cast  on  a  platinum  wire  in  a  pistol 
bullet-mould,  and  leave  this  in  tlie  tube  for  24  hours,  or  imtil  the  volume 
of  the  gas  ceases  to  show  further  diminution  ;  withdraw  the  ball,  and 
measure  the  gas  remaining,  re-insert  the  same  or  a  fresh  moistened  ball  of 
potassa  and  repeat  till  no  further  absorption  takes  place.  The  carbonic 
Mid  gas  is  inferred  from  the  difierence,  provided  the  gaseous  mixture  con- 
no  other  gas  liable  to  absorption  by  potassa  (compare  §§  12-lG). 
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If  the  amount  of  carbonic  acid  is  very  small,  this  process  doeit  not  yield 
sufficiently  accurate  results.  In  such  cases  one  of  the  methods  recom* 
mended  for  the  estimation  of  carbonic  acid  in  atmospheric  air  (see  §  241) 
should  be  employed. 

h.  In  Aqueous  Solution, 

a.  With  Hydrate  of  Lime. 

Into  a  flask,  holding  about  300  c.  c.  and  provided  with  a  good  indlar 
rubber  cork,  put  2  to  3  gwcx,  hydrate  of  lime  perfectly  free  from  carbon- 
ate,* tare  or  weigh  exactly,  add  the  carbonic  acid  water,  cork  immedi- 
ately and  weigh  again.  (If  the  water  is  measured  with  a  plunging 
syphon,  of  courae  this  mode  of  ascei*taining  the  amount  of  water  em 
ployecK  is  superfluous.)  Heat  the  contents  of  the  flask  for  some  time 
in  a  water-bath  (raising  the  cork  every  now  and  then)  to  hasten  the  con- 
version of  the  amorphous  carbonate  of  lime  into  the  crystalline,  and 
pour  off  the  clear  fluid  as  completely  as  possible  without  disturbing  the 
precipitate  through  a  small  ribbed  filter.  Tliis  operation  is  soon  fin- 
ished, and  the  filter  is  at  oncti — without  washing — thrown  into  the  flask 
containing  the  precipitat<e  and  the  rest  of  the  fluid  ;  the  carbonic  acid  is 
determined  now  according  to  II.,  e ;  or,  if  the  carbonic  acid  water  con- 
tains bicarbonate  of  an  alkali,  it  is  well  to  add,  besides  the  hydrate  of 
lime,  also  enough  chloride  of  calcium  to  decompose  the  alkaline  car- 
bonate. 

|3.  After  Pettenkofer.  f 

The  principle  of  this  simple  and  expeditious  process  consists  in 
mixing  the  carbonic  acid  water  with  a  measured  quantity  of  standard 
lime-water  (or,  under  certain  cii*cumstances,  baryta  water)  in  excess. 
After  complete  separation  of  the  carbonate  of  lime  the  excess  of  alkaline 
earth  in  -the  fluid  is  determined  in  an  aliquot  part  by  means  of  stand* 
ard  solution  of  oxalic  acid  ;  the  difference  gives  the  lime  precijutated  by 
the  carbonic  acid,  and  consequently  the  amount  of  the  latter  present. 

If  a  water  contains  only  free  carbonic  acid,  the  analyst  has  only  to 
bear  in  mind  that  the  carbonate  of  lime  formed  is  at  first,  as  long  as  it 
remains  amoq)hous,  very  perceptibly  soluble  in  water,  to  which  it  com- 
municates an  alkaline  reaction.  Hence  the  unprecipitated  lime  in  th^ 
fluid  cannot  be  estimated  till  the  carbonate  of  lime  has  separated  in  the 
crystalline  form — this  takes  8  or  10  houra  if  the  mixture  is  not  warmed 
to  70°  or  80°. 

If,  on  the  contrary,  a  water  contains  an  alkaline  carbonate  or  any 
other  alkaline  salt  whose  acid  would  be  precipitated  by  lime,  a  neutral 
solution  of  chloride  of  calcium  must  first  be  added  to  decompose  the 
same.  This  addition,  too,  prevents  any  inconvenience  arising  from  the 
presence  of  free  alkali  in  the  lime-water  or  of  carbonate  of  magnesia  in 
the  carbonic  acid  water;  this  inconvenience  consists  in  the  fact  that 
oxalate  of  an  alkali  or  of  magnesia  enters  into  double  deconi)>osition 
with  carbonate  of  lime  (which  is  never  entirely  absent  from  tlie  fluid  to 

•  This  is  prepared  bj  slaking  freshly  burnt  lime  with  water  in  such  a  maim«c 
that  the  hydrate  obtained  appears  dry  add  pulverulent.  Should  it  contuin  carbonio 
add  (as  may  be  seen  by  putting  a  portion  into  hydrochloric  add)  it  is  ignited  is 
a  earrent  of  air  free  from  carbonic  acid  in  a  tube  of  difficultly  fodble  gl^  placed 
in  a  oombustion  furnace. 

f  Buclmer^B  neaes  Bepert.  10,  I. 
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be  analyzed),  forming  oxalate  of  lime  and  cu'bonate  of  the  alkali  or  of 
magnesia,  which  latter  will  of  course  again  take  up  oxalic  acid. 

In  the  presence  of  magnesia  salts  in  carbonic  acid  water,  in  order  t« 
avoid  the  precipitation  of  the  magnesia,  a  little  chloride  of  ammonium 
must  also  be  added,  but  in  this  case  heat  must  not  be  applied  to  induce 
the  carbonate  of  lime  to  become  more  quickly  crystalline,  as  ammonia 
would  be  thereby  expelled. 

In  making  the  determination,  the  first  thing  to  be  done  is  to  ascertain 
the  relation  between  the  lime  water  and  a  standard  solution  of  oxalic 
acid-  Pettenkofer  makes  the  latter  solution  by  dissolving  2*8636 
gnn.  pure  uneffloresced  dry  crystallized  oxalic  acid  to  1  litre ;  Ice.  of 
this  is  equivalent  to  1  mgrm.  carbonic  acid.  The  lime  water  is  stand- 
ardized as  follows :  measure  45  c.  c.  into  a  little  flask  which  can  be 
closed  by  the  thumb,  and  then  run  in  from  the  burette  the  solution  of 
oxalic  acid  till  the  alkaline  reaction  has  just  vanished.  During  the 
operation  the  flask  is  closed  with  the  thumb  and  gently  shaken.  The 
end  is  attained  as  soon  as  a  drop  taken  out  with  a  glass  rod  and  api)lied 
to  delicate  turmeric  paper  produces  no  brown  ring.  The  first  experiment 
is  a  rough  one,  the  second  should  be  exact. 

The  analysis  of  a  carbonic  acid  water  (a  spring  water,  for  instance)  is 
jierformed  by  transferring  100  c.  c.  to  a  dry  flask,  adding  3  c.  c.  of  a 
neutral  and  nearly  saturated  solution  of  chloride  of  calcium  and  2  c.  c.  of 
a  saturated  solution  of  chloride  of  ammonium,  then  45  c.  c.  of  the  stand- 
ard lime  water ;  close  the  flask  with  an  india-rubber  cork,  shake  and  allow 
to  stand  1 2  hours.  The  fluid  contents  of  the  flask  measure  consequently  1 50 
c.  c.  From  the  clear  fluid  take  out  by  means  of  a  pipette  two  poitions 
of  50  c.  c.  each,  and  determine  the  free  lime  by  means  of  oxalic  acid,  in 
the  fi^rst  portion  approximately,  in  the  second  exactly.  Mnltii)ly  the 
c.  c.  used  in  the  last  experiment  by  3  and  deduct  the  product  from  the 
c.  c.  of  oxalic  acid  which  correspond  to  45  c.  c.  of  lime  water.  Jhe  dif- 
ference shows  the  lime  precipitated  by  carbonic  acid;  each  c.  c.  corre- 
sponds to  1  mgrm.  carbonic  acid. 

The  method  is  convenient  and  good;  it  is  especially  to  be  recom- 
mended for  dilute  carbonic  acid  water.  In  water  containing  much  car- 
bonic acid  it  is  well  to  replace  the  lime-  by  baryta  water ;  compare  the 
determination  of  carbonic  acid  in  atmospheric  air,  §  241. 

IL  Separation  of  Carbonic  Acid  from  the  Doses j  and  its 

jEJstimation  in  Carbonates, 

a.  Separation  from  N^eutird  Carbonates  of  Alkalies  and  tlie  Alkcdins 
J^artfiS, 

If  the  siilts  contain  unquestionably  1  eq.  carbonic  acid  to  1  eq.  base, 
and  there  is  no  other  salt  with  alkaline  reaction  present,  we  may  deter- 
mine the  quantity  of  the  base  by  the  alkalimetric  method  (§§  207, 
208,  2^^1)j  &i^d  calculate  for  each  1  eq.  base  1  eq.  carbonic  acid. 

6.  Separation  from  Bases  v)hich  vpon  Ignition  readily  and  comjylctely 

yidd  the  Carbonic  Acid  with  which  Hiey  are  combined. 
Such  are,  for  instance,  the  carbonates  of  zinc,  cadmium,  lead,  copper, 
mignesia,  <bc. 

flu  Anhydrous  Carbonates, 

Ignite  Uie  weighed  substance  in  a  platinimi  orudblo  (carbonateB  of 
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cadmium  and  lead  in  a  porcelain  crucible),  until  the  weight  of  the  residue 
I'emains  constant.  The  results  are,  of  course,  very  accurate.  Suhstancet 
liable  to  absorb  oxygen  upon  ignition  in  the  air  are  ignited  in  a  bulb^ 
tube,  through  which  a  stream  of  dry  carbonic  acid  gas  is  conducted.  Ifas 
carbonic  acid  is  inferred  from  the  loss. 

3.  JTyilraled  Carbonates, 

The  substance  ls  ignited  in  a  bulb-tub^  through  which  drie<1  air,  dr, 
in  presence  of  oxidizable  substances,  carbonic  acid  is  transmitted,  aiicl 
which  is  connected  with  a  chloride  of  calcium  tube,  by  means  of  a  dry, 
close-fitting  cork.  During  the  ignition,  the  posterior  end  of  the  bulb- 
tube  is,  by  means  of  a  small  lamp,  kept  suflfioiently  hot  to  prevent  the 
condensation  of  water  in  it,  care  being  taken,  however,  to  guard  against 
burning  the  cork.  The  loss  of  weight  of  the  tube  gives  the  amomit  of 
the  water -|- the  carbonic  acid;  the  increase  of  weight  gained  by  the 
chloiide  of  calcium  tube  gives  the  amount  of  the  watei',  and  the  differ- 
ence accordingly  that  of  the  carbonic  acid.  A  somewhat  wide  glaiKS  tube 
may  also  be  put  in  the  place  of  the  bulb-tube,  and  the  substance  intro- 
duced into  it  in  a  little  boat,  which  is  weighed  before  and  after  the 
operation. 

c.  Separation  from  all  Sases^  without  exception^  in  Anhydrons  Ca/rho- 

nates. 

Fuse  vitrified  borax  in  a  weighed  platinum  crucible,  allow  to  cool  in 
the  desiccator,  weigh,  then  transfer  the  well-diied  substance  to  the  crucible 
and  weigh  again.  The  weights  of  both  carbonate  and  borax  are  thus 
asirertained.  They  should  be  in  about  the  proportion  of  1:4.  Heat  is 
then  applied,  which  is  gradually  increased  to  redness,  and  maintained  at 
this  temperature  until  the  contents  of  the  crucible  are  in  a  bt^ite  of  cala 
fusion.  The  crucible  is  now  allowed  to  cool,  and  weighed.  The  loss  of 
weight  is  carbonic  acid.     The  results  are  very  accurate  (8('Hafp«otsch) 

I  must  add  that  borax-glass  may  be  ke[)t  in  a  state  of  fusion  at  a  red 
heat  for  ^  to  ^  an  hour  without  the  occurrence  of  any  volatilization,  but 
that  at  a  white  heat  (by  igniting  over  the  gas-bellows),  even  in  a  few 
minutes,  it  suffers  a  decided  loss.*  A  few  bubbles  of  cai'bonic  acid 
remaining  in  the  fusing  mass  are  without  any  influence  on  the  result. 

d.  Separation  from  aU  J^ases  loithout  exception, 

(Estimation  of  the  Acid  from  tlie  loss  of  weight,) 

aa.  Carbonates  wJiose  JSases  form  Soluble  Sfdts  witJi  Sulphuric  Acid, 
The  process  is  conducted  in  the  a])paratus  illustrnted  by  fig.  53. 
The  size  of  the  flasks  depends  upon  the  capacity  of  the  balance  which 
the  operator  possesses.  Tlie  tube  a  is  closed  at  b  by  means  of  a  siuall 
wax  8topi)er ;  f  the  other  end  of  the  tube  a  is  open,  as  ai-e  also  both  end« 
of  c  and  d,  Tlie  flask  J3  is  nearly  half  filled  with  concentmted  sulphuric 
acid ;  the  tubes  must  fit  air-tight  in  the  pei-fjiations  of  the  corks,  and  the 
latter  equally  so  in  the  mouths  of  the  flasks.  The  weighed  substance 
is  put  into  A  ;  this  flask  is  then  filled  about  one-third  with  water,  the 
perk  properly  inserted,  and  the  apparatus  tared  on  the  balanco. 

♦  ZeltBchrift  f.  analyt.  Chem.  1,  65. 

f  Or  with  a  small  x>iece  of  india-rubber  tube,  drawn  over  it,  and  haxdnif  inaexM 
in  the  other  end  a  short  piece  of  glass  rod. 
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A  few  bubbles  of  air  are  now  sucked  out  of  d,  by  means  of  a  sdirII  india- 
rubber  tube.     This  serves  to  rarefy  the  air  in  ^  also,  and  causes  the  sul- 
phuric acid  in  £  to  ascend  in  the  tube  e.     The  latter  is  watched  for  some 
time,  to  ascertain  whether  the  column  of  sulphuric  acid  in  it  remains 
irtationary,  which  is  a  proof  that  the  apparatus  is  air-tight.     Air  is  then 
again  sucked  out  of  d,  which  causes  a  por- 
tion of  the  sulphuric  acid  to  flow  over  into 
A.     The  carbonate  in  the  latter  Rask  ia 
decomposed  by  the   sulphuric   acid,  and 
the    liberated   carbonic   acid,  completely 
dried  in  i(s  passage  through  the  concen- 
trated    sulphuric    acid    in    Ji,    escapes- 
through   d.  When    the  evolution  of  the 
gas  slackens  a  treeh  portion  of  sulphuric 
acid  ia  made  to  pass  over  into  A,  by  re- 
newed suction  through  d  j  and  the  same 
oj>eration  is  repeated  until  the  whole  of 
the  carbonate   is  decomposed.     A  more 
vigorous  suction  is  now  applied,  to  make 
a  larger  amount  of  sulphuric  acid  pass 
over  into  A,  whereby  the  contents  of  that  - 
flask  are  consiJerably  heated  ;  when  the 
evolution  of  gas  bubbles  has  completely  Fi^.  93. 

ceased,  the  wax  stopper  on  a  is  opened, 

or  the  glass  rod  removed  from  the  india-rubber  cap,  and  auction  a]>plied 
to  d,  until  the  air  sucked  out  tastes  no  longer  of  carbonic  acid.* 

After  about  3  hours,  the  apparatus  is  replaced  upon  the  balance,  and 
the  equilibrium  restored  by  additional  weights.  The  sum  of  the  weights 
so  added  indicates  the  amount  of  carbonic  acid  originally  present  in  the 
substance. 

[f  the  flasks  A  and  S  are  selected  of  small  size,  the  apparatus  may  be 
BO  constructed  that,  together  with  the  contents,  it  need  not  weigh  above 
seventy  grammes,  aduiitting  thus  of  being  weighed  on  a  delicate  balance. 
The  results  obtained  by  the  use  of  this  apparatus,  first  suggested  by  W'iLL 
and  nij'self,  are  very  aeciirate,  provided  the  quantity  of  the  carbonic 
acid  be  not  too  trilling.  Manifold  modifications  of  the  ap]>aratus  have 
bs«n  proposed,  principally  iu  order  to  make  it  ligliter.  Soe  Geisnleh's 
Apparatus,  p.  291. 

if  sulphites  or  sulphides  are  present,  together  with  the  carbonates,  their 
injurious  influence  is  best  obviated  by  adding  to  the  carbonate  solution  of 
yellow  chromate  of  potnssa  in  more  than  sufficient  quantity  to  effect  their 
oxidation.  If  chlorides  are  present,  in  order  to  prevent  the  evolution  of 
hydrochloric  acid,  add  to  the  evolution  flask  a  sufficient  qiiaiitity  of  sul- 
phate of  silver  in  solution,  or  connect  the  exit  tube  d  with  a  small  prepared 
U-tube,  which  is,  of  course,  first  tared  with  the  apparatus,  and  afterwai'ds 
weighed  with  it.  This  U-tube  is  prepared — inaccordance  with  the  happy 
proposal  of  Stolda — by  filling  with  fragments  of  pumice  which  have  been 
boiled  with  au  excess  of  concentrated  solution  of  sulphate  of  copper,  till 
the  air  has  been  expelled,  and  then  dried  and  heated  to  complete  dehy- 
dration of  the  copper  salt.  If  the  U-tube  is  only  8  cm.  high  and  haa 
w»  internal  diameter  of  1  cm.,  it  answers  the  purpose  very  well.     The 
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end  not  connected  with  d  is  proTided  with  a  perforated  cork  and  short 
glass  tube.  We  apply  suction  to  this  by  means  of  a  flexiblo  tul>e,  insteMl 
of  tod. 

bb.  Carbonates  whose  JioMt  form  in^olubie  Salit  tcith  Svipkvrie  Add. 
The  analysis  of  such  carbonates  cannot  well  be  effected  by  the  metbod 
aa,  as  the  insoluble  sulphate  formed  (sulphate  of  lime,  for  instance) 
ptu^ially  protects  the  yet  uiidecomposed  portion  of  the  carbonate  from 
decomposition.  The  apparatus  is  therefore  modified  as  shows  in  fig,  54. 
The  alteration  consists  simply  in  the  tube  a,  which  contains  a  bulb, 
and  is  drawn  out  to  a  tine  point  at  the  lower  end. 

The  process  is  conducted  as  follows :  The  weighed  substance  is  put  into 
A,  together  with  water.  The  bulb-tube  a  contains  an  amount  of  dilute 
nitiic  acid,  more  than  sufficient  for  the  decomposition  of  the  carbonatf, 
and  which  is  prevented  from  flowing  through  the  narrow  aperture  of  this 
tube  by  the  little  wax  stopper  b.'  The 
point  of  this  tube  must  not  at  first  dip 
into  the  water  in  A.  The  apparatus 
having  been  tared  on  the  balance,  the 
tube  a  is  carefully  and  cautiously  moved 
down,  until  its  point  neai'ly  touches  the 
bottom  of  A,  The  wax  stopper  6  is  then 
momentarily  raised,  or  the  ^lass  lud  re- 
moved fr«m  the  india-i-ubber  cap,  so  s£ 
to  allow  a  small  quantity  of  nitric  acid 
to  flow  out  of  the  tube  a ;  and  the  same 
opei-ation  is  repeated,  until  the  carbo- 
nate is  completely  decomposed.  The  con- 
t«ntB  of  A  are  then  heated  to  incipient 
boiling,  the  stopper  at  b  removed,  and 
the  carbonic  acid  sucked  out  of  the  appa. 
ratus  as  directed  in  aa.  The  diminution 
Pi_  54_  of  weight  is  ascertained  when  the  appa- 

ratus is  completely  cooled. 
It  will  be  seen  at  a  glance  that  a  different  construct  ion  may  also  be  given  to 
the  apparatus;  that,  foi' instance,  the  tube  C  may  be  connected,  instead  of 
with  jS,  with  a  chloride  of  calcium  tube,  or  with  a  tube  filled  with  pumice 
stone  or  asbestos  moistened  with  sulphuric  acid ;  also,  that  the  substance 
to  be  analyzed  may  be  put  into  a.  small  tube,  which  stands  upright  at 
first,  or  is  suspended  from  a  thread,  but  is  subsequently,  after  tai'ing 
the  apparatus,  upset  or  lowered  into  the  dilute  acid  in  the  flask  ;  also, 
that  the  closing  of  a  may  be  efiected  by  means  of  a  compression  clamp. 

The  apparatus  proposed  by  Geissleb  f  is  very  convenient  (see  fig,  55), 
It  consists  of  two  parts,  A  Ji  and  C.  6' is  ground  into  the  neck  of  ^(a), 
so  as  to  close  air-tight,  and  yet  admit  of  being  readily  removed,  for 
the  pur|)<ise  of  filling  and  emptying  A.  £  c  is  a  glass  tube,  o])en  at  both 
^nds,  and  ground  water-tight  into  C,  at  the  lower  end  (c)  ;  it  is  kept  in 
the  proper  position  by  means  of  an  easily  movable  cork,  t.  The  illus- 
tration shows  the  construction  of  the  apparatus  in  other  respects.  The 
OM-k  e  must  fit  aii'-tight,  as  must  the  tube  d  in  the  cork.     The  weighed 
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■nbstance  ia  pnt  into  A,  water  added  to  the  extent  indicated  in  th« 
eagra^iiig,  and  the  substance  shaken  towards  the  side  of  the  fiask.      0  ia 
now  filled  nearly  to  the  top  with  dilute  nitric  acid,  with  the  aid  of  a 
pipette,  afber  having  previously  turned  the  cork  t  upwards,  without  raising 
i;  the  cork  is  then  again  twisted  down  again,  and  ^inserted  into  A  i  Sia 
filled  somewhat  more  than  half  with  concentra- 
ted sulphuric  acid,  and  b  closed  at  the  top  with 
a  little  wax  stopper,  or  a  piece  of  india-rubber 
tube,  with  a  small  glass  rod  inserted  in  it.    After 
taring  the  apparatus,  the  decomposition  is  effect- 
ed  by  raising  b  a  little,  and  thus  causing  acid 
to    pass  from    0  into  A.      The  carbonic  acid 
escapes  through  h  into  the  sulphuric  acid,  where 
it  IB  dried ;  it  then  leaves  the  apparatus  through 
d.     After  the  decomposition  has  been  effected, 
A  ia  cautiously  heated  to  incipient  boiling,  the 
8top[>er  on  b  opened,  and  the  carbonic  acid  still 
remaining  in  the  apparatus  sucked  out  through 
d  by  means  of  a  small  india-rubber  tube.     The 
^paratus  is  finally  weighed  when  cold. 

If  you  prefer  to  decompose  the  carbonate  with 
hydrocliloric  acid,  dry  the  escaping  gas  with  tlie 
puDiice-stoue  saturated  with  anhydrous  sulphate 
of  copjier  (see  aa),  which  also  retains  hydro- 
i^oric  acid  as  well  as  the  moistura  (Stolba*). 
It  is  well  to  fill  a  light  Ij-tube  with  this  material. 
The  size  of  the  XT-tube  should  depend  on  the 
size  of  the  appanitua.  It  can  be  used  as  long  as  a 
third  of  its  contents  remains  uncolored. 

[ce.  Carbonates  which  ditiolve  freely  in  coU- 
diluie  acid.\ 

In  the  processes  hitherto  described,  carbonic 
acid  is  determined  by  the  loss  of  weight  of  an  a[i-  p-j-  <jj 

p*rattis  which  contains  no  carbonic  acid  gas  at  the 

b^inning  and  which  must  be  completely  emptied  of  this  gas  at  the  con 
elusion  of  the  analysis.  It  is  a  matter  of  exjierience,  however,  that  accu 
rate  results  are  not  attainable  with  certainty  in  this  way.  Nothing 
short  of  actual  boiling  for  some  time  will  expel  all  carbonic  acid  gas  from 
the  dilute  acid  liquid.  This  cannot  be  done  conveniently  without  loss  of 
aqueous  vapor.  The  fact  that  good  results  are  often  obtained  is  due  to 
the  compensation  of  opposite  errors,  as  the  analyst  may  convince  himself 
by  repeatedly  heating  and  sucking  through  air.  If  the  suction  go  on  to 
just  the  right  extent,  the  loss  of  the  apparatus  will  exactly  corrtspond 
to  the  carbonic  acid  that  was  contained  in  the  substance,  but  further 
exh&ustioD  of  the  air  will  diminish  the  weight  of  the  apparatus,  not  by 
complete  removal  of  the  carbonic  acid,  but  by  loss  of  aqueous  vapor, 
which  easily  escapes  the  desiccating  material.  By  continued  working 
on  a  carbonate  of  known  composition  one  may  soon  learn  how  long  to 
axhMUst  in  order  to  bring  out  the  proper  loss,  but  where  the  analyst  if 
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out  of  practice,  an  error  of  1  to  2  per  cent,  is  not  unlikely  to  bsppeu 
and  tlj6  process  itself  funusbeB  no  means  of  judging  when  it  will  give* 
coixecl.  result,. 

The  editor  employs  a  simple  modification  of  this  method,  which,  nndei 
propter  conditions,  gives  very  accurate  results  and  furnishes  to  a  great 
extent  its  own  control.  Q'he  process  is  novel  in  this  particular,  viz.: 
the  charged  apparatus  is  in  the  first  place  filled  with  carbonic  acid  gas, 
the  substance  is  then  decomposed,  and  as  soon  as  disengagement  of  gM 
ceases,  the  apparatus,  still  filled  with  carbonic  acid  gas,  is  weighed 
again.  In  this  manner  all  aspiration  is  done  away  with,  and  the  desic- 
cating material  has  simply  to  diy  as  much  gas  as  is  yielded  by  the  sub- 
stance under  analysis. 

It  is,however,es3ential  that  the  substance  under  examination  dissolve 
freely  and  completely  in  cold  aci<l ;  it  is  likewise  necessary  that  the 
analysis  and  weighings  be  conduct«d  in  an  apartment  not  liable  to 
change  of  temperature. 

Tlie  apparatus  may  consist  of  a  light  flask  or  bottle  with  wide  mouth 
which  is  closed  by  a  soft  rubber  stopper,  through  which  there  passes,  on 
the  one  hand,  a  chloride  of  calcium  tube,  the 
lower  bulb  of  which  contains  cotton,  and,  ou 
the  other,  the  neck  of  a  vessel  which  contains 
the  dilute  acid.  This  acid  reservoir  is  so  con- 
Btructed  that  on  suitably  inclining  it,  its  con- 
tents will  flow  freely  into  the  flask.  For  this 
purjiose  the  tube  connecting  with  the  latter 
has  an  internal  diameter  of  seven  millimetres, 
and  its  extremity  is  cut  off  obliquely  ;  at  its 
other  end,  the  acid  reservpir  terminates  iu  an 
upturned  narrow  tube,  6,  This  and  the  upper 
^  teiTnination  of  the  CaCi  tube  are  chosen  of 
such  diameter  that  they  fit  quit*  snugly  into 
short,  nan-ow  and  thick-walled  rubber  connect- 
ors Vhicli  arei^aijijirovided  with  glasR-iiHl  Kto|>- 
pei-H;  all  these  joints  must  be  gas-tight.  In 
figure  r)U  the  upjuiratus  is  rejii-esented  in  one- 
third  its  proper  dimensions. 

The  weighed  substance,  in  Citse  of  carbonate 
of  lime,  e.  {/.,  is  ]>Iaced  at  the  bottom  of  the 
flask,  most  conveniently  in  the  foi'm  of  small 
Pig  gg^  fi-ugments.     The  acid  vessel   is  nearly  filled 

Willi  hydrochloric  acid  of  sp.  gi'.  I'l.  It  and 
the  CaCl  tube  are  tightly  adjusted  to  the  neck  of  the  Husk,  and  the 
glass-rod  stoppers  being  removed,  the  apparatus  is  connected  at  c  with 
a  self-regulating  genei-ator  of  washed  carbonic  acid,  and  a  ratliei-  i-apid 
B'.ream  of  the  gas  is  tmusmitted  through  the  apparatus  for  IS  miniitesi, 
or  until  the  liquid  in  fi  is  saturated  and  the  air  is  thoroughly  displaced. 
Then  the  opening  at  tl  is  stopped  and  afterward  the  apparatus  is  dis- 
connected with  the  carbonic  acid  generator  and  stopped  at  c.  During 
tiiese  as  well  as  the  subfiequent  0]>erations,  the  apjmralus  must  l>e  so 
Itandled  that  its  t«n)i>crature  shall  not  change.  It  is  imnediati^ly 
weighed.  When  removed  from  the  balance,  loosen  the  stopper  at  d,  and, 
holding  the  flask  by  a  wooden  clamp,  incline  it  so  that  the  acid  va; 
flow  over  upon  the  carbonate.     The  decomposition  should  proceed  slow 
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[jj  so  that  the  escaping  gas  may  be  thoroughly  dried.  As  soon  as  sola- 
tion  of  the  carbonate  is  complete,  replace  the  stopper  at  d,  and  weigli 
again.  Should  there  be  any  leak  in  the  apparatus  the  fact  is  uiade  evi- 
dent by  a  slow  but  steady  loss  of  weight,  when  it  is  brotight  upon  the 
balance.  If  all  the  joints  are  sufficiently  tight,  the  weight  remains  the 
same  for  at  least  fifteen  minutes. 

When  properly  executed  the  process  gives  extremely  accurate  results ; 
a  slight  change  of  temperature  or  of  atmospheric  pressure  between  the 
two  weighings  of  course  greatly  impairs  the  results  or  renders  them 
worthless.     Since  the  apparatus  usually  rises  a  little  in  temperature 
during  the  solution  of  the  carbonate,  it  is  better,  as  soon  as  the  substauc< 
is  decomposed,  to  stopper  the  CaCl  tube  and  let  the  whole  stand  fifteei  • 
minutes,  then  to  connect  as  before  with  the  gas-generator  and  pass  driec 
COj  for  a  minute,  and  finally  to  stopper  again  and  bring  upon  the  bai 
ance.     In  seven  analyses  of  pure  calcite  in  quantities  ranging  from  O'l 
to  0*9  grm.,  the  editor  obtained  the  following  percentages  of  carbonii 
acid,  viz.:    44-07,  44*07,  43-98, 44-01,  44*04,  44-11,  44-16 ;   calculatioi 
requires  44*00. 

In  case  of  alkali-carbonates  which   absorb  carbonic  acid  gas,  it  i. 
necessary  to  modify  the  apparatus.     Instead  of  the  light  flask  a,  we  ma} 
employ  a  small  bottle  of  thick  glass  and  wider  mouth,  and  a  thrice-per 
forated  rubber  stopper.    Through  the  third  orifice  pass  a  narrow  tube  3  U. 
4  inches  long  enlarged  below  to  a  small  bulb  to  contain  the  carbonate . 
This  buJb  must  be  so  thin  that  on  pushing  down  the  tube  within  the 
bottle  it  shall  be  easily  ci*ushed  to  pieces  against  the  bottom  of  the  lat- 
ter.   The  carbonate  is  weighed  into  the  bulb-tube,  the  latter  is  wiped 
clean,  down  to  the  bulb,  corked  and  fixed  in  the  stopper.   The  appai-atus 
IB  filled  as  before  with  COj  and  weighed.     Then  the  bulb  is  broken  and 
the  process  finished  as  before  described.     In  three  estimations  on  car- 
bonate of  soda  the  editor  found  41-54,  41*64  and  41-58  per  cent,  of  COg. 
Calculation  requires  41*51  per  cent.] 

«,  ^rom  aU  Sdses  without  exception  {JEJstimation  of  the  Acid  from  the 
increase  of  weight  of  an  Absorption  Apparatus). 

The  arrangement  of  the  apparatus  I  employ  will  be  seen  from  fig.  57. 

a  is  the  evolution  flask  (300  c.  c.)  closed  with  a  doubly-pei-forated 
india-rubber  cork,  hb  is  a  tube  twice  bent  and  expanded  at  c  to  a  small 
bulb,  it  may  be  connected  by  means  of  an  indiarrubber  tube  as  required 
either  with  the  little  funnel  c?,  or  with  the  tube  e,  wliicli  in  filled  with 
Roda-lime  or  hydrate  of  potassa.  The  U-tube  f  is  filled,  as  regards  the 
bulbed  limb,  with  pieces  of  fused  chloride  of  calcium  ;  as  regards  the 
other  limb,  with  fragments  of  pumice  saturated  with  anhydrous  sulphate 
of  copper  (see  p.  289).  The  U-tube  g  contains  pieces  of  glass,  6 — 10 
drops  of  concentrated  sulphuric  acid,  and  two  little  asbestos  stoppers, 
the  tube  /*  is  ^  filled  with  about  20  grm.  coarsely  granulated  soda-lime, 
and  towards  the  outer  end  the  remaining  ^  is  filled  with  coarsely 
granulated  chloride  of  calcium,  k  contains  in  the  outward  limb  soda- 
lime,  in  the  inner,  chloride  of  calcium,  f  serves  to  free  the  escaping 
carbonic  acid  from  moisture  and  hydrochloric  acid,  g  enables  the  opera- 
tor to  see  the  rate  of  the  evolution  of  gas,  A,  by  its  soda-lime,  takes  up 
the  carbonic  acid  completely,  and  by  its  chloride  of  calcium  prevents 
•ny  evaporation  of  water  from  the  former  (the  soda-lime  gets  warm  on 
absorbing  the  carbonic  acid),  k  serves  to  protect  the  tube  h  (which  has 
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to  be  weighed)  from  any  moisture,  &c.,  which  might  penetrate  fi-om  out. 
side.  The  corks  of  g^h  and  h  must  be  covered  with  sealing-wax.* 
The  absorption^ apparatus  is  that  given  by  Mulder,!  ^^^  ^  ^^^^  ^^P^ 
ciallj  suitabio,  as  the  cai'bonic  acid  is  mixed  with  much  '-  -  ^  '* 
evolution  is  at  times  somewhat  rapid. 


air,  and  the 


Fig.  57. 

After  the  weighed  substance  has  been  transferred  to  a,  and  a  little  water 
has  been  added  to  it,  weigh  h  and^  together,  and  connect  the  several  parts 
of  the  apparatus — a  stands  on  a  wire  gauze,  placed  on  a  tripod,  e  is 
fastened  to  a  support,  the  U-tubes  are  suspended  in  a  suitable  manner — 
join  b  to  dy  and  pour  into  d  a  Hmall  portion  of  mercury,  just  enough  to 
close  the  tube  at  i.  Now  pour  into  d  common  hydrochloric  or  nitric  acid 
(previously  diluted  with  an  equal  bulk  of  water),  and  by  gentle  suction 
through  an  india-rubber  tube  at  /  cause  a  small  quantity  of  acid  to  flow 
into  the  flask  6.  The  evolution  of  carbonic  acid  commences  immediately ; 
its  rate  may  be  seen  from  g ;  if  necessaiy,  a  gentle  heat  may  be  applied. 
When  the  evolution  begins  to  abate,  introduce  more  acid  into  the  flask  in 
the  same  manner  as  before.  As  soon  as  the  carbonate  is  perfectly  decom- 
posed, fill  d  8evei*al  times  with  hot  water,  causing  it  to  flow  into  a.  This 
is  done  in  order  to  wash  into  a  the  small  quantities  of  hydrochloric  acid 
which  remain  in  c,  and  which  possibly  might  have  taken  up  some  carbonic 
acid.  Now  remove  d  and  connect  e  with  b  instead,  heat  the  contents  of  a 
to  gentle  boiling,  which  is  to  be  continued  till  the  first  bulb  of  f  is  hot, 
and  then  by  sucking  at  I,  draw  air  through  the  apparatus  to  the  extent  of 
six  times  the  volume  that  a  contains.  This  suction  is  best  eflected  by  an 
aspirator.  When  this  has  been  done,  separate  &  from  /\  allow  h  to  cool 
comj)letely,  remove  h  and  g,  and  weigh  them  together.  The  increase  of 
weight  of  these  is  the  exact  expression  of  the  carbonic  acid  in  the  sub- 
stance. The  accuracy  of  the  results  leaves  nothing  to  be  desired.  We 
have  the  bases  without  any  impurity,  and  completely  dissolved  in  hydro- 
chloric or  nitric  acid. 

The  tube  g  is,  after  use,  closed  at  both  ends,  and  retains  its  utility  a  long 

*  Or  caoutchouc  stoppers  may  be  used.     For  small  U-tubes,  half  an  inoh  €f 
fleshy  india-rubber  tubing  forms  an  excellent  joint, 
f  Zeitsohrift  f.  analyt.  Ghem.  1,  2. 
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TABLE  OF  THE  WEIGHT  OF  A  CUBIC 


m  Milligrammes  from  720   to   770  7nm.   of  presiun 
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CENTIMETEE  OP  CAKBONIO  ACID 


of  m&ngwry^    and  from    10®    to    25®    Cent 
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time.  The  tube  h  can  also  be  used  repeatedly  without  being  refilled 
The  second  time  it  is  employed  connect  it,  for  the  sake  of  precaution,  with 
a  separately  weighed  tube  of  the  small  kind.  The  latter  rarely  increases  in 
weight,  and  the  first  tube  can,  therefore,  be  then  used  a  thml  time.  If 
afher  this  the  second  tube  has  become  heavier,  at  the  fourth  operation 
reject  the  first  tube,  and  use  the  second  tube  alone,  and  so  on. 

When  lai-ge  quantities  of  carbonic  acid  are  to  be  absorbed,  the  tube  | 
may  be  replaced  with  advantage  by  a  Liebio's  potash  apparatus. 

yi  SeparcUionfrom  all  Sases  wUIiout  exception  (Esiimatxon  of  the  Add 
by  JEJaipttlaion^  Ahsoi'ptiony  and  Volumetric  Analysis). 

It  is  sometimes  advantageous^  especially  in  the  estimation  of  veiy 
small  quantities  of  carbonic  acid,  to  receive  the  same  in  a  known  volume 
of  standard  lime-  or  baryta- water,  and  to  complete  the  analysis  according 
to  Pettenkofer's  principle  (L,  6,  3). 

g,  Estimation  by  Measwring  the  Gas* 

This  process  is  applicable  in  the  case  of  all  saJts  which  are  decomposed 
by  hydrochloric  acid  in  the  cold.  It  is  distinguished  for  rapid  and  con* 
venient  execution  and  very  satisfactory  results.     [The  azotometor,  fig.  58^ 


Fiff.56 


ts  employed,  and  the  details  of  the  prooess  are  for  the  most  pert  simfltr 
to  those  followed  in  the  estimation  of  ammonia  as  described  on  page  159t 
The  weighed  carbonate  is  put  in  the  bottle  a,  and  thetubey^isdbarge^ 
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with  5  C.C.  of  H.  CI.,  sp.  gr.  1*125.  When  the  burette  is  adjusted  to  aero, 
the  add  is  poured  at  once  upon  the  carbonate.  The  precautions  to  be 
observed  in  the  measurement  of  the  gas  are  as  detailed  on  page  161. 
It  is  not  needfiil  to  wait  so  long  for  the  gas  to  cool.  The  necessary 
corrections  ai-e  applied  by  aid  of  the  foregoing  tables  given  by  Dietrich,* 
pp.  295-6-7.  Their  use  is  perfectly  similar  to  that  of  the  tables  given 
on  pages  160  and  162-3.] 

§  140. 
2.  Silicic  Acid. 
I.  DetemUyiation, 

The  direct  estimation  of  silicic  acid  is  invariably  effected  by  con- 
verting the  soluble  modification  of  the  acid  into  the  insoluble  modifica- 
tion, by  evaporating  and  completely  drying ;  the  insoluble  modification  is 
then,  after  removal  of  all  foreign  matter,  ignited  and  weighed. 

For  the  guidance  of  the  student  I  would  observe  here  that,  to  guard 
against  mistakes,  he  should  always  test  tlm purity  oftheweiylied  silicic  acid. 
The  methods  of  testing  will  be  found  below. 

If  you  have  free  silicic  acid  in  the  state  of  hydrate,  in  an  aqueous  or 
acid  solution  free  from  other  fixed  bodies,  simply  evaporate  the  solution  in 
a  platinum  dish,  ignite  and  weigh  the  residue. 

II.  Separation  of  Silicic  Acid  from  llie  J^ases, 

a.  In  all  compounds  which  are  decomposed  by  Hydrochloric  or  Nitric 
Acidj  on  digestion  in  open  vessels. 

To  this  class  belong  the  silicates  soluble  in  water,  as  well  as  many  of  the 
^  insoluble  silicates,  as,  for  instance,  neai*ly  all  zeolites. 

The  compound  under  examination  is  very  finely  pulverized,  the  powder 
dried  at  100°  (not  above),  and  put  into  a  platinum  or  porcelain  dish  (in 
the  case  of  silicates  whose  solution  might  be  attended  with  disengagement 
of  chlorine,  platinum  cannot  be  used) ;  a  little  water  is  then  added,  and 
the  powder  mixed  to  a  unifomi  paste.  Moderately  concentrated  hydro- 
chlonc  acid,  or — if  the  substance  contains  lead  or  silver — ^nitric  acid,  is 
now  added,  and  the  mixture  digested  at  a  very  gentle  heat,  with  constant 
stirring,  until  the  substance  is  completely  decomposed,  in  other  terms  until 
the  glass  rod,  which  is  rounded  at  the  end,  encounters  no  more  gritty 
powder,  and  the  stirring  proceeds  smoothly  without  the  least  grating. 

The  silicates  of  this  class  do  not  all  comport  themselves  in  the  same 
manner  in  this  process,  but  slijw  some  differences ;  thus  most  of  them 
form  a  bulky  gelatinous  mass,  whilst  in  the  case  of  others  the  silicic 
acid  separates  as  a  light  pulverulent  precipitate ;  again,  many  of  them 
are  decomposed  readily  and  rapidly,  whilst  others  require  protracted 
digestion. 

When  the  decomposition  is  effected,  the  mixture  is  evaporated  to  dry- 
ness on  the  water-bath,  and  the  residue  heated,  with  frequent  stirring, 
untU  all  the  small  lumps  have  crumbled  to  pieces,  and  the  whole  mass  is 
thoroughly  dry,  and  until  no  more  acid  fiimes  escape.  It  is  always  tho 
safest  way  to  conduct  the  operation  of  drying  on  the  water-bath.  Occa- 
nonally  it  is  well  to  moisten  the  dry  mass  with  wat^r  and  evaporate  again. 

♦  Fres.  Zeitschrift,  iv.,  11,  142-146 
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In  cases  where  it  appears  desirable  to  accelerate  the  desicctttion  by  the  ap 
plication  of  a  stronger  heat,  as  when  deliquescent  chlorides  are  preseut, 
an  air-bath  may  be  had  recourse  to ;  which  may  be  constructed  in  r 
simple  way,  by  suspending  the  dish  containing  the  substance,  with  the 
aid  of  wire,  in  a  somewliat  larger  dish  of  silver  or  iron,  in  a  manner  to 
leave  everywhere  between  the  two  dishes  a  small  space  of  uniform  width. 
Direct  heating  over  the  lamp  is  not  advisable,  as  in  the  most  strongly 
heated  parts  the  silicic  acid  is  liable  to  unite  again  with  the  sepaiiitcd 
bases  to  compounds  which  are  not  decomposed,  or  only  imperfectly,  by 
hydroclilorie  acid. 

When  the  mass  is  cold,  it  is  brought  to  a  state  of  semi-fluidity  by 
thoroughly  moistening  it  with  hydrochloric  acid ;  after  which  it  is  allowed 
to  stand  for  half  an  hoar,  then  warmed  on  a  water-bath,  diluted  with  hot 
water,  stirred,  allowed  to  deposit,  and  the  fluid  decanted  on  to  a  filter ;  the 
residuary  silicic  acid  is  again  stirred  with  hot  water,  and  the  fluid  once 
more  decanted  ;  after  a  third  repetition  of  the  same  operation,  the  preci- 
pitate also  is  transfen*ed  to  the  filter,  thoroughly  washed  with  hot  water, 
well  diied,  and  ignited  at  last  as  strongly  as  possible,  as  directed  in  §  52  or 
in  §  53.  For  the  projierties  of  the  residue,  see  §  93,  9.  The  results  are 
accurate.  The  bases,  which  are  in  the  filtrate  as  chlorides,  are  detemiiued 
by  the  methods  given  above.  Deviations  from  the  instructions  here  given 
are  likely  to  entail  loss  of  substance  ;  thus,  for  instance,  if  the  mass  is  not 
ili^rovgldy  dried,  a  not  inconsiderable  poi-tion  of  the  silicic  acid  passes  into 
the  solution,  whereas  if  the  instructions  are  strictly  complied  with,  only 
traces  of  the  acid  are  dissolved ;  in  accurate  analyses,  however,  even  such 
minute  traces  must  not  be  neglected,  but  should  be  sepai-ated  from  the 
bases  precipitated  from  the  solution.  This  separation  may  be  readily 
efiected  by  dissolving  them,  after  igcition  and  weighing,  in  hydrochloric 
or  sulphuric  acid,  by  long  digestion  in  the  heat ;  the  minute  portion  of 
silicic  acid  is  left  undissolved.  Again,  if  the  silicic  acid  is  not  tftoroughli/ 
dried  previous  to  ignition,  the  aqueous  vapor  disengaged  upon  the  rapid 
application  of  a  strong  heat  may  carry  away  pai'ticles  of  the  light  and  loose 
fdlica. 

The  2yurity  of  the  silicic  acid  *  may  be  conveniently  tested  in  the  fol- 
lowing manner : — Heat  a  moderately  concentiated  solution  of  pure  carbo- 
nate of  soda  to  boiling,  in  a  silver  or  platinum  dish,  or  in  a  jx)rcelain  dish, 
and  add  a  small  quantity  of  the  silicic  acid.  If  it  dissolves  con.jiletely, 
this  is  a  proof  of  its  purity  ;  but  if  it  leaves  a  residue,  the  remainder  of 
the  silicic  acid  must  be  weighed,  and  the  aniount  of  impurity  determined 
as  directed  in  ft,  and  the  result,  of  course,  calculated  to  the  whole  i  mount 
of  the  silica. 

If  you  have  pure  hydrofluoric  acid,  you  may  also  test  the  purity  of  the 
silicic  acid  in  a  very  easy  manner,  by  treating  it  with  this  acid  and  some 
sulphuric  acid  in  a  platinum  dish  ;  upon  the  evaporation  of  the  solution, 
the  silicic  acid,  if  ji>W7*e,  will  volatilize  completely  (as  fluoride  of  silicon). 
If  a  residue  remains,  moisten  this  once  more  with  hydrofluoric  acid,  add  a 
few  drops  of  sulphuric  acid,  evaporate,  and  ignite ;  the  residue  consists  of 
the  sulphates  of  the  bases  which  were  mixed  with  the  silicic  acid,  as  well 
IS  any  titanic  acid  that  was  present  (Berzelius). 


*  This  testing  is  more  especially  necessary  in  cases  where  the  silioic  icidluii 
separated,  not  in  the  gelatinous  state,  bat  in  the  palveralent  form. 


§  140.]  SILICIO  ACID.  301 

&•   Compounds  which  are  not  decomposed  hy  Hyd/roMoric  Add  or 
Nitric  Add,  on  digestion  in  open  vessels. 

a.  Decomposition  by  Fusion  with  Alkaline  Carbonate, 

Keduce  the  substance  to  an  impalpable  powder,  by  trituration  and 
sifting  (8  25)  ;  transfer  to  a  platinum  crucible,  and  mix  with  about  4  timen 
the  weight  of  pure  anhydrous  carbonate  of  soda,  with  the  aid  of  a  rounded 
glass  rod  ;  wipe  the  rod  against  a  small  portion  of  the  carbonate  of  soda 
'  on  a  card,  and  transfer  this  also  from  the  card  to  the  crucible.  Cover  the 
latter  well,  and  heat,  according  to  size,  over  a  gas-  or  spirit-lamp  with 
double  draught,  or  a  blast  g&s-lamp ;  or  insert  in  a  Hessian  crucible, 
compactly  filled  up  with  calcined  magnesia,  and  heat  in  a  charcoal  tiro. 

Apply  at  first  a  moderate  heat  for  some  time  to  make  the  mass  simply 
agglutinate  ;  the  carbonic  acid  will,  in  that  case,  escape  from  the  porous 
mass  with  ease  and  unattended  with  spirting.  Increase  the  heat  after' 
wards,  finally  to  a  very  high  degree,  and  terminate  the  operation  only 
when  the  mass  appears  in  a  state  of  calm  fusion,  and  gives  no  more 
bubbles. 

The  platinum  crucible  in  which  the  fusion  is  conducted  must  not  bo  too 
small ;  in  fact,  the  mixture  should  only  half  fill  it.  The  larger  the  crucible, 
the  less  risk  of  loss  of  substance.  As  it  is  of  importance  to  watch  the 
progi*ess  of  the  operation,  the  lid  must  be  easily  remova))le ;  a  concave 
cover,  simply  lying  on  the  top,  is  therefore  preferable  to  an  overlapping 
Ud.  In  heating  over  a  lamp,  the  crucible  should  always  be  supported  on 
a  triangle  of  platinum  wire  (see  fig.  40,  p.  64),  with  the  opening  just 
sufficiently  wide  to  allow  the  crucible  to  drop  into  it  fully  one-third,  yet 
to  retain  it  fii-mly,  even  with  the  wire  at  an  intense  red  heat.  When  con- 
ducting the  process  over  a  simple  gas-lamp,  it  is  advisable,  towards  the 
end  of  the  operation,  when  the  heat  is  to  be  raised  to  tlie  highest  degi*ee, 
to  put  a  chimney  over  the  crucible,  with  the  lower  border  resting  on 
the  ends  of  the  iron  triangle  which  supports  the  platinum  triangle  ;  this 
chimney  should  be  about  12  or  14  cm.  liigh,  and  the  upper  opening  meas- 
ure about  4  cm.  in  diameter. 

When  the  fusion  is  ended,  the  red-hot  crucible  i«  removed  with  tongs, 
and  placed  on  a  cold,  thick,  clean  iron  plate,  on  which  it  will  rapidly 
cool ;  it  is  then  generally  easy  to  detach  the  fused  cake  in  one  piece. 

The  cake  (or  the  cnicible  with  its  contents)  is  put  into  a  beaker,  from 
10  to, 15  times  the  quantity  of  water  poured  over  it,  and  hydrochloric  acid 
gradually  added,  or,  under  certain  circumstances,  nitric  acid  ;  the  beaker 
is  kept  covered  with  a  large  watch-glass  or  porcelain  dish,  perfectly  clean 
outside,  to  prevent  the  loss  of  the  drops  of  fluid  which  the  escaping  car- 
bonic acid  carries  along  with  it ;  the  drops  thus  intercepted  by  the  cover 
are  afterwards  rinsed  into  the  beaker.  The  crucible  is  also  rinsed  with 
dilute  acid,  and  the  solution  obtained  added  to  the  fluid  in  the  beaker. 

The  solution  is  promoted  by  the  application  of  a  gentle  heat,  which  is 
continued  for  some  time,  to  insure  the  expulsion  of  the  carbonic  acid  ; 
since  otherwise  some  loss  of  substance  might  be  incurred,  in  the  subse- 
quent evapoi-ation,  by  spirting. 

If  in  treating  the  fused  mass  with  hydrochloric  acid,  a  powder  subsides 
(chloiide  of  sodium  or  chloride  of  potassium),  more  water  is  required. 

If  the  decomposition  of  the  mineral  has  succeeded,  the  hydrochloric 
golation  is  either  ]ierfectly  clear,  or  light  flakes  of  silicic  acid  only  float 
in  it.     But  if  a  heavy  powder  subsides,  which  feels  gritty  luider  the 
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glass  rod,  this  consists  of  undecomposed  mineral.  The  cause  of  such 
imperfect  decomposition  is  generally  to  be  ascribed  to  )mi>erfect  pulveri- 
zation. 

In  such  cases  the  undecomposed  portion  may  be  fused  once  more  with 
ciirbonated  alkali ;  the  better  way,  however,  is  to  repeat  the  process  with 
a  fresh  portion  of  mineral  more  finely  pulverized. 

The  hydrochloric  or  nitric  solution  is  poured,  together  with  the  pre- 
cipitate of  silicic  acid,  into  a  porcelain,  or,  better,  into  a  platinum  dish, 
and  treated  as  directed  in  II.,  a. 

Tliat  the  fluid  may  not  be  too  much  diluted,  the  beaker  should  be  riiiRed 
only  once,  or  not  at  all,  and  the  few  remaining  drops  of  solution  dried  in 
it ;  the  trifling  residue  thus  obtained  is  treated  in  the  same  way  as  the 
residue  left  in  the  evaporating  basin. 

This  is  the  method  most  commonly  employed  to  effect  the  decomposition 
of  silicates  that  are  undecomposable  by  acids ;  that  it  cannot  be  used  to 
determine  alkalies  in  silicates  is  evident. 

/3.  Decomposition  hy  means  of  Hydrofluoric  Acid. 

The  finely-pulverized  silicate  is  mixed,  in  a  platinum  dish,  with  rather 
concentrated,  slightly  fuming  hydrofl^uoric  acid,  the  acid  being  added 
gradually,  and  the  mixture  stirred  with  a  thick  platinum  wire.  The  mix- 
ture, which  has  the  consistence  of  a  thin  paste,  is  digested  some  time  on  a 
water-bath  at  a  gentle  heat,  and  pure  concentrated  sulphuric  acid,  diluted 
with  an  equal  quantity  of  water,  is  then  added,  drop  by  droj),  in  more  than 
sufiicient  quantity  to  convert  all  the  bases  present  into  sulphates.  The 
mixture  is  evapoi'ated  on  the  water-bath  to  dryness,  duiing  which 
operation  fluoride  of  silicon  gas  and  hydrofluoric  acid  gas  are  continually 
volatilizing ;  it  is  finally  exposed  to  a  stronger  heat  at  some  height  above 
the  lamp,  imtil  the  excess  of  sulphuric  aeid  is  almost  completely  ex- 
pelled. The  mass,  when  cold,  is  thoroughly  moistened  with  concentrated 
hydrochloric  acid,  and  allowed  to  stand  for  one  hour ;  water  is  then  added, 
and  a  gentle  heat  applied.  If  the  dccomi>osition  has  fiilly  succt^ed, 
the  whole  must  dissolve  to  a  clear  fluid.  If  an  undissolved  residue  is 
left,  the  mixture  is  heated  for  some  time  on  the  water-bath,  then  allowed 
to  deposit,  the  clear  supernatant  fluid  decanted  as  far  as  practicable, 
the  residue  dried,  and  then  treated  again  with  hydrofluoric  acid  and  sul- 
phuric acid,  and,  lastly,  with  hydrochloric  acid,  which  will  now  eflect 
complete  solution,  provided  the  analyzed  substance  was  very  finely  pul- 
verized, and  free  from  baryta,  strontia  (and  lead).  The  solution  is  added 
to  the  first.  The  bases  in  the  solution  (which  contains  them  as  sulphates, 
and  contains  also  fi"ee  hydrochloric  acid)  are  determined  by  the  methods 
which  will  be  found  in  Section  V. 

The  hydrofluoric  acid  may  also  be  employed  in  combination  with  hydro- 
chloric acid;  thus  1  grm.  of  finely  elutriated  felspar,  mixed  with  40c.  c. 
water,  7  c.  c.  hydrochloric  acid  of  25  J  and  34^  c.  c.  hydrofluoric  acid,  and 
heated  to  near  the  boiling  point,  dissolves  con)pletely  in  three  minutes. 
4  c.  c.  sulphuric  acid  are  then  added,  the  sulobat^  of  baiyta  which  sepa- 
rates is  filtered  oft',  and  the  filtrate  evaporated  tlli  no  i:;nre  hydi*o6uoric 
acid  escapes  (Al.  Mitscherlich  *). 

The  execution  of  the  method  requires  the  greatej^t  possible  care  botli 
Qie  liquid  and  the  gaseous  hydrofluoric  acid  being  most  injuriouf  «ab 

•  Joum.  f.  prakt  Chem.  81, 108, 
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stances.  The  treatii^ent  of  tlie  silicate  with  the  acid  and  the  eyapoi*ation 
must  be  conducted  in  the  open  air,  otherwise  the  windows  and  all  glass 
apparatus  will  he  attacked.  As  the  silicic  acid  is  in  this  method  simply 
inferred  from  the  loss,  a  combination  with  the  method  a  is  often  resorted 
to.     [See  also  §  160,  85.] 

[y.  Decomposition  hy  ignition  loith  Carbonate  of  Lime  and  Cldoride 
of  Ammonium.     Prop.  J.  L.  Smith's  Method  for  separating  alkalies. 

Mix  1  part  of  the  pulverized  silicate  with  1  part  of  dry  chloride  of 
ammonium,*  by  gentle  trituration  in  a  smooth  mortar,  then  add  8  parts 
of  carbonate  of  lime  (Qual.  Anal.  p.  83)  and  mix  intimately.  Biingthc* 
mixture  into  a  platinum  crucible,  rinsing  the  mortar  with  a  little  car- 
bonate of  lime.  Warm  the  crucible  gradually  over  a  small  Bunscn  burn- 
er until  fumes  of  ammonia-salts  no  longer  appear,  then  heat  to  full  red- 
ness, but  not  too  intensely,  for  from  30  to  40  minutes. f  The  mass  should 
flinter  together,  but  not  fuse.  When  cold  it  may  be  usually  detached  with 
ease  from  the  crucible.  It  is  heated  to  boiling  in  a  capsule  with  100  c.  c. 
of  water  for  several  hours,  or  until  it  is  entirely  disintegrated  and  no 
lumps  remain.  Should  the  mass,  from  overheating,  remain  partially  co- 
herent after  long  boiling,  it  may  be  transferred  to  a  porcelain  mbi^tar  and 
ground  finely,  and  then  boiled  as  before.  Cei'tain  silicates,  e.  g,  those  con- 
taining much  protoxide  of  iron,  fuse  easily  with  the  proportions  of  flux 
above  given.  In  their  case  it  is  better  to  rei)eat  the  ignition  on  a  new 
portion,  using  10  or  12  parts  of  carbonate  of  lime  and  bringing  only  the 
lower  liiree-fourths  of  the  crucible  to  a  red  heat. 

The  fluxed  mass,  when  completely  disintegrated  by  boiling  with  water, 
yields  to  this  solvent  all  the  alkalies,  with  some  chloride  of  calcium  and 
caustic  lime.  It  is  filtered  and  well  washed.  To  the  liquid  is  added  carbon  ate 
of  ammonia  (1 — 2  grms.)  in  solution,  and  the  whole  is  evaporated  to  a 
bulk  of  about  30  c.  c.  Then  a  little  more  carbonate  of  ammonia,  with 
some  caustic  ammonia,  is  added,  to  insure  complete  separation  of  the  lime. 
Filter  and  collect  the  filtrate  and  washings  in  a  weighed  platinum  caj)- 
sule,  evaporate  to  dryness  on  the  water-bath,  dry  further,  supporting  tlie 
capsule  within  an  iron  cup  to  w^hich  heat  is  applied,  and  finally  heat  care- 
fully almost  to  redness,  to  expel  ammonia-salts.  When  cool,  weigh.  The 
alkali-chlorides  thus  obtained  are  nearly  pure ;  but  on  dissolving  in  a  few 
drops  of  water,  a  little  black  residue  is  usually  seen.  This  may  be  re- 
moved, if  weighable,  by  filtration,  using  a  very  small  filter.  Prof. 
Smith's  method  is  by  far  the  most  convenient  and  accurate  for  separa- 
ting alkalies  fi"om  a  silicate,  and  is  univei'sally  applicable,  except,  perhajis, 
in  presence  of  boracic  acid.  J 

■ 

•  The  chloride  of  ammonium  is  best  obtained  in  a  pulverulent  condition  by  dis- 
solving some  of  the  salt  in  hot  water  and  evaporating  rapidly  ;  the  greater  portion 
of  the  chloride  of  ammonium  will  depo-sit  itself  in  a  pulverulent  condition,  tho 
water  is  poured  off,  and  the  salt  thrown  on  bibulous  paper,  allowed  to  dry ;  the 
6nal  desiccation  being  carried  on  in  a  water-bath,  or  in  any  other  way  with  a 
corresponding  temperature. 

t  An  ordinary  portable  furnace,  with  a  conical  sheet-iron  cap,  of  from  two  to 
three  feet  high,  likewise  answers  the  purpose  perfectly  well,  all  the  requiaitc 
heat  beiiig  afforded  by  it. 
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Second  Gboup. 

Htdboguloric  Acid — Hydrobrohic  Acid — Hydriodic  Acid — ^Htdro 

CYANIC  Acid — Hydrosulphuric  Acid. 

§  Ul. 

1.  Hydrochloric  Acm. 

I.  Determination, 

Hydrocliloric  acid  may  be  determined  very  accuratelj  in  the  grayimetaio 
aa  well  as  in  the  volumetric  way.* 

a.    Gravimetric  Metlwd. 

Determination  as  Chloride  of  Silver, 

Solution  of  nitrate  of  silver,  mixed  with  some  nitric  acid,  is  added  m 
excess  to  the  solution  under  examination,  the  precipitated  chloride  is  made 
to  unite  by  application  of  heat  and  shaking,  washed  by  decantation,  dried, 
and  ignited.  The  details  of  the  process  have  been  given  in  §  1 1»5, 1 ,  a,  a. 
Care  must  be  taken  not  to  heat  the  solution  mixed  with  nitric  acid,  before 
the  solution  of  nitrate  of  silver  has  been  added  in  excess.  As  soon  a£  the 
latter  is  pi"esent  in  excess,  the  chloride  of  silver  separates  immediately  and 
completely  upon  shaking  the  vessel,  and  the  supernatant  fluid  becomes  per- 
fectly clear  after  standing  a  short  time  in  a  warm  place.  The  determina- 
tion of  hydrocliloric  acid  by  means  of  silver  is  therefore  more  readily 
eftected  than  that  of  silver  by  means  of  hydrochloric  acid.  In  the  case  of 
smaller  quantities  of  chloride  of  silver,  the  precipitate  is  often  collected  on 
a  filter ;  see  §  115,  1,  a,  /3.  Or  the  two  methods  may  be  combined  in  this 
way — that  the  chief  portion  of  the  precipitate  is  washed  by  decantation, 
dried  in  the  porcelain  crucible,  and  ignited,  the  decanted  fluid  being 
passed  through  a  filter,  to  make  quite  sure  that  not  a  paiiicle  of  chloride 
of  silver  be  lost.  The  filter  is,  after  drying,  incinerated  on  the  inverted 
cover  of  the  porcelain  crucible,  the  ashes  are  treated  with  a  few  drops  of 
nitric  acid,  some  hydrochloric  acid  is  added,  the  mixture  evajwrated  to 
diyncss,  the  residue  gently  ignited,  and  the  lid  replaced  on  the  crucible  in 
which  the  chloride  has  been  heated  to  incipient  fusion  ;  a  gentle  heat 
is  then  once  more  applied,  after  wh^ch  the  crucible  is  allowed  to  cool  under 
the  desiccator,  and  than  weighed. 

h.    Volumetric  Methods, 

a,    Dy  Solution  of  Nitrate  of  Silver, 

This  convenient  and  accurate  method  requires  a  perfectly  neutral  solu- 
tion of  niti-ate  of  silver  of  known  value.  [This  is  best  j^repared  by 
weighing  off  in  a  porcelain  crucible  about  4*8  grm.  of  clean  crystallized 
nitrate  of  silver,  fusing  it  at  the  lowest  possible  heat,  and  then  ascertain- 
ing its  weight  accurately.  After  fusion  it  should  weigh  a  little  more  than 
4*79 33  grm.,  the  quantity  that,  contained  in  a  litre  of  water,  gives  a  so- 
lution of  which  1  c.  c.  ='001  grm.  of  chlorine.  The  fused  salt  is  dis- 
solved in  a  little  warm  water,  the  solution  brought  into  a  litre  flask  »nK\ 
filled  to  the  mark,  observing  the  usual  precautions  as  to  temperature, 
&c.  When  thus  adjusted,  add  to  the  contents  of  the  flask,  from  a  bu- 
rette, enough  water  to  bring  the  excess  of  nitrate  of  silver  above  4"71?33 
grms.  to  the  i*equisite  dilution. 

*  For  the  acidimetric  estimation  of  free  hydrochlorio  add,  aee  §  304. 
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4-7933  :  1000  ::  £xoes8  over  4*7933  :  Excess  over  10  DO. 

Tn  tliis  way  it  is  easy  with  a  burette  and  a  litre  flask  to  make  a  per- 
fectly accurate  standard  solution,  while  this  would  be  hardly  possible 
should  the  operator  weigh  off  less  than  4*7933  grm.  of  nitrate  of  silver. 

This  solution,  which  may  be  preserved  in  a  well-corked  bottle  indefi- 
nitely, without  change,  is  next  tested  by  means  of  pure  chloride  of  sodi- 
um. Either  an  equivalent  solution  is  made  by  dissolving  1*6486  grm. 
of  the  coarsely  powdered  and  gently  ignited  salt  in  1  litre  of  water,  and 
portions  of  20  c.  c.  are  taken,  or  several  portions  of  the  dry  salt,  0*05 
grm.,  are  weighed  off  and  dissolved,  each  in  a  separate  beaker,  in  20 — 30  c. 
0.  of  water.  To  each  solution  2  drops  of  a  cold  saturated  solution  of  pure 
yellow  chromate  of  pbtassa  ia  added.] 

Fill  a  Mohr's  burette  (if  it  has  an  Erdmann's  float  so  much  the  better)- 
up  to  zero  with  the  silver  solution,  and  allow  to  drop  slowly,  with  con- 
stant stirring,  into  the  Ught  yellow  solution  contained  in  one  of  the 
beakers.  Each  drop  produces,  where  it  falls,  a  red  spot,  which  on  stir- 
ring disappears,  owing  to  the  instant  decomposition  of  the  chromate  of 
silver  with  the  chloride  of  sodium.  At  last,  however,  the  slight  red  col- 
oration remains.  Now  all  chlorine  has  combined  with  silver,  and  a  little 
chromate  of  silver  has  been  permanently  formed.  [The  number  of  c.  c.  of 
silver  solution  should  be  equal  to  the  number  of  milligrammes  of  chlorine 
in  the  Na  CI  employed.  An  excess  of  about  0*2  c.  c.  of  silver  solution  will 
be  required  to  produce  a  visible  coloration,  and  hence  this  quantity  may 
be  deducted  from  the  amount  used.  Should  repeated  trials  show  that 
the  silver  solution  is  not  of  exactly  the  intended  strength,  it  may  be 
brought  to  the  precise  standard  by  addition  of  water  or  nitrate  in  reqr.i- 
site  quantity.  It  is,  however,  ordinarily  better  to  take  the  mean  of 
several  accordant  determinations  of  the  quantity  of  chlorine  precipitated 
by  1  c.  c.  of  the  silver  solution,  and  write  this  number  on  the  label  of  the 
bottle,  to  be  employed  as  a  factor  into  which  the  no.  of  c.  c.  of  silver  so- 
lution required  in  any  analysis  is  to  be  multiplied  to  find  the  quantity  of 
chlorine  sought  for.] 

Baing  now  in  possession  of  a  standard  silver  solution,  and  being  practised 
in  exactly  hitting  the  transition  from  yellow  to  the  shade  of  red,  we  can 
determine  with  precision  hydrochloric  acid  or  chlorine  in  the  form  of  a 
mstallic  chloride  soluble  in  water.  The  fluid  to  be  tested  must  be  neu- 
tral— ^free  acids  dissolve  the  chromate  of  silver.  The  solution  of  the  sub- 
stance is  therefore,  if  necessary,  rendered  neutral  by  addition  of  nitric 
acid  or  carbonate  of  soda  (it  should  be  rather  alkaline  than  acid),  about 
2  drops  of  the  solution  of  yellow  chromate  added,  and  then  silver  from 
the  burette,  till  the  reddish  coloration  is  just  perceptible. 

If  the  operator  fears  he  has  added  too  much  silver  solution,  ue,,  if  the 
red  color  Ls  too  strongly  marked,  he  may  add  1  c.  c.  of  a  solution  of 
chloride  of  sodium  containing  1*6486  in  a  litre  (and  therefore  corrc 
spending  to  the  silver  solution),  and  then  add  the  silver  drop  by  drop 
^in.  Of  coarse  in  this  case  1  c.  c.  must  be  deducted  from  the  amount 
of  silver  solution  used. 

The  results  are  very  satisfactory. 

The  fluid  to  be  analysed  should  be  about  the  same  volume  as  the  solu- 
tions employed  in  standardizing  the  silver  solution,  and  also  about  the 
tsme  strength,  otherwise  the  small  quantity  of  silver  which  produces  the 
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cuioration  will  not  stand  in  the  same  proportion  to  the  chlorine  present. 
This  small  quantity  of  silver  solution  is  extremely  small,  about  0'20  c  c, 
the  inaccuracy  hereby  arising  even  in  the  case  of  quantities  of  chlorin« 
differing  widely  from  that  originally  used  in  standardizing  the  silver  so- 
lution is  therefore  almost  inconsiderable.  If  the  amount  of  silver  solu- 
tion necessary  to  impart  the  coloration  always  remained  the  same,  ve 
should  have  simply  to  deduct  the  amount  in  question  with  all  experi- 
ments in  order  to  avoid  this  small  inaccuracy  entirely ;  since,  however, 
this  is  not  the  case,  but,  on  the  contrary,  much  chloride  of  silver  requires 
somewhat  more  chromate  of  silver  for  visible  coloration,  than  less  chlo- 
nde  of  silver,  this  method  of  proceeding  would  not  always  increase  the 
exiictness  of  the  I'esults. 

0.  By  Solution  of  Nitrate  of  Silver  and  Iodide  of  Starch  (Pisani'b 
method*). 

Add  to  the  solution  of  the  chloride,  acidified  with  nitric  acid,  a  slight 
excess  of  solution  of  niti'ate  of  silver  of  known  strength,  warm,  and  filter. 
Detoraiine  the  excess  of  silver  in  the  filtrate  by  means  of  solution  of  iodide 
of  starch  (see  p.  21  o),  and  deduct  this  fix)m  the  amount  of  silver  solution 
used.  Tlie  diiFerence  shows  the  quantity  of  silver  which  has  combined 
with  the  chlorine  ;  calculate  from  this  the  amount  of  the  latter.  Besults 
flatisfactory. 

Of  those  volumetric  methods  of  estimating  chlorine,  the  first  deserves 
the  preference  in  all  ordinary  cases.  Pisani' s  method  (6,  ^)  is  especially 
suited  for  the  estimation  of  very  minute  quantities  of  chlorine,  but  is  not 
applicable  when — as  in  nitre  analyses — large  quantities  of  alkaline  nitrate 
ai-e  present  (p.  211). 

IL  Separation  of  Chlorine  from  the  Metals, 

a.  In  Soluble  Cidorides, 

The  same  method  as  in  I.,  a.  The  metals  in  the  filtrate  are  separated 
from  the  excess  of  the  salt  of  silver  by  the  methods  which  will  be  foimd 
in  Section  V. 

jRi'*Moru!e  of  tiny  chloride  of  inercu7*y,  the  chlorides  of  antimony ^  and 
th8  green  c1dori<h  of  chromivniy  form  exceptions  from  the  rule. 

ft.  From  solution  of  bichloride  of  tin,  nitrate  of  silver  would  precipitate, 
besides  chloride  of  silver,  a  compound  of  binoxide  of  tin  and  oxide  of 
silver.  To  precipitate  the  tin,  therefore,  the  solution  is  mixed  with  a 
'joncentrated  solution  of  nitrate  of  ammonia,  allowed  to  deposit,  the  fluid 
decanted,  and  filtered  (compare  §  126,  1,  6),  and  the  chlorine  in  the  fil- 
trate is  precipitated  with  solution  of  silver.  Lowenthal,  the  inventor  of 
this  method,  has  proved  its  accuracy. f 

3.  When  a  solution  of  cldoride  of  tnerciiry  is  precipitated  with  solution 
of  nitrate  of  silver,  the  chloride  of  silver  thrown  down  contains  an  admix- 
ture of  mercury.  The  mercury  is,  therefore,  first  precipitated  by  sul- 
phuretted hydrogen,  which  must  be  added  in  sufficient  excess,  and  tht 
chlorine  in  the  filtrate  determined  as  directed  in  §  169. 


*  Annal.  d.  Mines,  X  83  ;  Liebig  and  Kopp^s  Jahresbericht  f  1858,  751. 
f  Joum  f.  prakt.  Cbem ,  56,  371. 
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y.  Tike  chlorides  of  antimony  are  also  decomposed  in  the  manner  de 
scribed  in  d.  The  separation  of  basic  salt  upon  the  addition  of  water 
may  bo  avoided  by  addition  of  tartaric  acid.  The  sulphide  of  antimon;? 
should  be  tested  for  chlorine. 

1^.  Solution  of  silver  fails  to  precipitate  the  whole  of  the  chlorine  from 
solution  of  the  green  chloride  of  chromium  (PfiLiooT).  The  chromium  is^ 
therefore,  first  precipitated  with  ammonia,  the  fluid  filtered,  and  the  chlorine 
in  the  filtrate  precipitated  as  directed  in  I.,  a. 

b.  In  Insoluble  Chlorides. 

a.    Chlorides  solvhle  in  Nitric  Acid, 

Dissolve  the  chloride  in  nitric  acid,  without  applying  heat,  and  proceed 
as  directed  in  I.,  a. 

3.  Chlorides  insoluble  in  Nitric  Adtl  (chloride  of  lead,  chloride  of  silver, 
subchloride  of  mercury). 

€ta.  Chloride  of  lead  is  decomposed  by  digestion  with  alkaline  bicar- 
bonate and  water.  The  process  is  exactly  the  same  as  for  the 
decomposition  of  sulphate  of  lead  (§    132.  II.,  ^.,  3). 

66.  Chloride  of  silver  is  ignited  in  a  porcelain  crucible,  with  3  parts 
of  carbonate  of  soda  and  potassa,  until  the  mass  commences  to 
agglutinate.  Upon  treating  the  mass  with  water,  the  metallic 
silver  is  left  undissolved ;  th&  solution  contains  the  alkaline  chloride, 
which  is  then  treated  as  directed  in  I.,  a. 

Chloride  of  silver  may  also  be  readily  decomposed  by  digestion 
with  pure  zinc,  and  dilute  sulphuric  acid.  The  separated  metallic 
silver  may  be  weighed  as  such ;  it  must  afterwards  be  ascertained, 
however,  whether  it  dissolves  in  nitric  acid  to  a  clear  fluid.  The 
chlorine  is  determined  in  the  solution  of  chloride  of  zinc  obtained, 
as  in  I.,  a. 

<MX  Subchloride  of  mercury  is  decomposed  by  digestion  with  solution 
of  soda  or  potassa.  The  hydrochloric  acid  in  the  filtrate  is  deter- 
mined as  in  I.,  a.  Tlie  suboxide  of  mercury  is  dissolved  in  nitiic 
or  nitrohydrochloric  acid,  and  the  mercuiy  determined  as  directed 
in  §117  or  §  118. 

c.  Tfie  soluble  cMorides  of  the  metals  of  tlie  four^i^  fifth^  and  sixth 
groups  may  generally  be  decomposed  also  by  sulphuretted  hydrogen,  or, 
as  the  case  may  be,  sulphide  of  ammonium.  The-  hydrochloric  -acid  in 
the  filtrate  is  determined  as  directed  in  §  169.  It  must  not  be  omitted  to 
test  the  precipitated  sulphides  for  chlorine. 

d.  In  many  metallic  chlorides,  for  instance,  in  those  of  the  first  ana 
second  groups,  the  chlorine  may  be  determined  also  by  evaporating  with 
sulphuric  acid,  converting  the  base  thus  into  a  sulphate,  which  is  then 
ignited  and  weighed  as  such  ;  the  chlorine  being  calculated  from  the  loss. 
This  method  is  not  applicable  in  the  case  of  chloride  of  silver  and  chloride 
of  lead,  which  are  only  imperfectly  and  with  difficulty  decomposed  by 
sulphuric  acid  ;  nor  in  the  case  of  chloride  of  mercury  and  bichloride  of 
kin,  which  sulphuric  acid  fails  almost  or  altogether  to  decompose. 

SuppUmemt. 
Determnation  of  Chlorine  in  the  I^Vee  State, 

§  142. 
Chlorizie  in  the  free  state  may  be  deteimined  both  in  l^e  volumetric 
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and  in  de  gravimetric  wtty.     The  Tolnmetric  metlioda,  hoTerer,  deMrrt 
tlie  preference  in  moat  oaaea.     They  are  very  numerouai 

I  aliall  only  here  adduce  that  one  which  ia  imdoubtedly  the  Btost  aomuab 
and  at  the  same  time  the  most  convenient.* 

1.    Volumetric  MtlAod, 

With  Iodide  of  Potattium  {afUr  Bdubkb). 

Bring  the  chlorine,  in  the gaseouB  form  orin  aqueouBsoUtion,  intoooti- 
tact  with  an  excess  of  solution  of  iodide  of  potasaium  in  water.  Each  «\. 
chlorine  liberates  1  eq.  iodine.  By  determiuing  the  liberated  iodine  bj 
means  of  hyposulphite  of  soda  aa  described  in  §  14(i,  you  will  learn  the 
quantity  of  chlorine  with  the  greatest  accuracy.  If  you  have  to  detei- 
luine  the  chlorine  of  chlorine  water,  measure  a  portion  off  with  a  pipette. 
To  prevent  any  of  the  gas  entering  the  mouth,  counect  the  upper  end  of 
tlie  pipette  with  a  tube  containing  moist  hydrate  of  potassa  laid  between 
cotton.  When  the  pipette  has  been  correctly  filled  allow  ita  cont^its  to 
flow,  with  stirring,  into  an  excess  of  solution  of  iodide  of  potasKium  (1  in 
10).  When  the  latter  is  in  excess,  a  black  precipitate  is  formed.  If  tLe 
chlorine  is  evolved  in  the  gaseous  condition,  you  may  employ  either  the 
apparatus  given  in  8  130,  I.,  d,  3,  or  the  following,  which  is  esi^cially 
suitable  where  tiie  chlorine  ia  not  pure,  but  is  mixed  wit^  other  gases. 


Fig.  59. 

a  ia  a  little  flask,  from  which  the  chlorine  is  evc4v«d  by  bt^isg  iSba 
nibst«nee  with  hydroohlorio  acid ;  it  is  connected  witk  the  tube  h  by 
means  of  a  flexible  tube.  The  latter  miiat  be  free  from  sulphur — ahonld 
h  contain  sulphur  it  ia  well  bo^ed  with  dilute  potassa  and  then  thoron^^j 
crashed.  The  thinner  tube  c,  which  has  been  fiiied  ta  the  bulb  o(  b 
leadfl  through  the  caoutchouc  stopper  (which  has  been  deprived  of  snl 

■  Ocmpare  artJolB  "  Cblorlmet(7  *'  in  tlie  Special  Part. ' 
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phur)  to  the  bulbed  TJ-tube  d^  which  contains  solution  of  iodide  of  potas* 
aum,  and  which  for  safety  is  connected  with  the  plain  TJ-tube  e,  also 
containing  iodide  of  potassium  solution.  Both  tubes  stand  in  a  beaker 
filled  with  water.  The  apparatus  offers  the  advantages  that  the  fluid 
cannot  return,  that  the  iodide  of  potassium  remains  cold,  and  that  the 
absorption  is  complete.  After  all  the  chlorine  has  been  eiipelled  by 
boiling  long  enough,  rinse  d  and  e  out  into  a  beaker  and  measure  the 
iodine  with  standard  hyposulphite  of  soda  (§  146). 

2.    ChrawtMtric  Method, 

The  fluid  under  examination,  which  must  be  free  from  sulphuric  acid^ 
say,  for  instance,  30  grm.  chlorine  water,  is  mixed  in  a  stoppered  bottle, 
with  a  slight  excess  of  hyposulphite  of  soda,  say  0*5  grm.,  the  stopper 
inserted,  and  the  bottle  kept  for  a  short  time  in  a  warm  place ;  after 
which  the  odor  of  chlorine  has  disappeared*  The  mixture  is  then  heated 
to  boiling  with  some  hydrochloric  acid  in  excess,  to  destroy  the  excess 
of  hyposulphite  of  soda,  filtered,  and  the  sulphuric  acid  in  the  filtrate 
determined  by  baryta  (§  132).  1  eq.  sulphuric  add  corresponds  to  2  eq. 
chlorine  (WicKB*). 

In  fluids  containing^  besides  free  chlorine,  also  hydrochloric  acid,  or  a 
metallic  chloride^  the  chlorine  existing  in  a  state  of  combination  may  be 
determined,  in  presence  of  the  free  chlorine,  in  the  following  way : — 

A  weighed  poiiion  of  the  fluid  is  mixed  with  solution  of  sulphurous 
acid  in  excess,  the  mixture  acidified,  after  some  time,  with  nitric  acid, 
and  the  whole  of  the  chlorine  precipitated  as  chloride  of  silver.  The 
quantity  of  the  free  chlorine  is  then  determined  in  another  weighed 
portion,  by  means  of  iodide  of  potassium;  the  diflerence  gives  the 
amount  of  combined  chlorine.! 


Having  thus  seen  in  how  simple  and  accurate  a  manner  the  quantity 
of  free  chlorine  may  be  determined  by  Buksen's  method,  it  will  be 
readily  understood  that  all  oxides  and  peroxides  which  yield  chlorine 
when  heated  with  hydrochloric  add,  may  be  analyzed  by  heating  them 
witli  concentrated  hydrochloric  acid,  and  determining  the  amount  of 
diloiine  evolved.     For  the  fnodus  operandi  compare  1. 

§  143. 
2*  Hydrobromig  Acid. 

I.  DetermincUion, 

a.  As  bromide  of  silver.  Free  hydrobromic  acid — ^in  a  solution  free 
from  hydrochloric  acid  or  chlorides — is  precipitated  by  silver  solution, 
and  the  further  process  is  conducted  as  in  the  case  of  hydrochloric  acid 
(§  141).  For  the  properties  of  bromide  of  silver,  see  §  94,  2.  The 
roBults  are  perfectly  accurate. 

^  AnnaL  d.  Ghem.  n.  Pharm.  99,  90. 

f  If  chlorine  water  is  mixed  at  once  with  solution  of  nitrate  of  silver,  f  only 
of  the  chlorine  are  obtained  as  chloride  of  silver :  6  CI  -H  6  Ag  O  =  5  Ag  CI  4- 
Ag*  O.  01  On  (H.  Rose,  Weltzien,  Annal.  d.  Chem.  a.  Pharm.  91,  45).  If  chlorine 
water  is 'mixed  with  ammonia  in  excess,  there  are  formed  at  first  chloride  of  am- 
tiMmnim  smd  hypochlorite  of  ammonia,  the  latter  then  gradually  decomposes 
into  nitrogen  and  chloride  of  ammonium ;  however,  a  little  chlorate  of  ammo- 
nia 18  abfo  formed  besides  (Schonbein,  Joum.  f.  prakt.  Chem.  84,  886) ;  Zeit 
achrif t  f .  analyt  Chem.  2,  59. 
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The  follondng  methods  are  especially  serviceable  for  the  detorminatioK 
of  small  amounts  of  bromine ;  they  are  applicable  in  the  presence  of 
chlorides. 

b.  With  cJdorine  water  and  cMoroform  {after  A.  Ejsimann*).  Thi« 
method  depends  on  the  facts  that  chlorine  when  added  to  bromides  first 
liberates  the  bromine  and  then  combines  with  it,  and  that  bromine  colore 
chloroform  yellow  or  orange,  while  chloride  of  bromine  merely  commu- 
nicates a  yellowish  tinge  to  that  fluid.  The  process  is  as  follows : — Mix 
the  liquid  containing  a  bromide  of  an  alkali  metal  in  neutral  solution,  in 
a  stoppered  bottle  with  a  drop  of  pure  chlorofonu  about  the  size  of  a 
hazel-nut,  then  add  standard  chlorine  water  from  a  burette,  protected 
from  the  light  by  being  surrounded  with  black  paper.  On  shaking, 
the  chloroform  becomes  yellow,  on  further  addition  of  chlorine  water, 
orange,  then  yellow  again,  and  lastly — at  the  moment  when  2  eq.  chlo- 
rine have  been  used  for  1  eq.  bromine — yellowish  white  (K  Br  -|-  2  CI  = 
K  01  -h  Br  01).  Considerable  practice  and  skill  are  required  before  the 
operator  can  tell  the  end-reaction.  He  will  be  assisted  by  placing  the 
bottle  on  white  paper  and  comparing  the  color  of  the  chloroform  with 
that  of  a  dilute  solution  of  yellow  chromate  of  potassa  of  the  required 
color.  The  strength  of  the  chlorine  water  should  depend  on  the  amount 
of  the  bromine  to  be  determined.  It  should  be  so  adjusted  that  about 
100  c.  c.  may  be  used.  The  chlorine  water  is  standardized  with  iodide 
of  potassium  and  hyposulphite  of  soda  (§  142,  1).  The  method  is  es- 
pecially suited  for  the  determination  of  small  quantities  of  bromine  in 
mother  liquors,  kelp,  <fec.  The  results  are  very  approximate :  c.f/.,  0*0180 
instead  of  0-0185— 0*055  instead  of  0-059— O'Ol  12  instead  of  0-0100,  Ac. 
If  the  fluid  contains  organic  substances,  it  is — after  being  rendered  alka- 
line with  caustic  soda — evaporated  to  dryness,  the  residue  ignited  in  a 
silver  dish,  extracted  with  water,  the  solution  neutralized  exactly  with 
hydrochloric  acid,  and  then  tested. 

c.  Heine^s  colainmetric  method,^  The  bromine  is  liberated  by  means 
of  chlorine,  and  received  in  ether ;  the  solution  is  compared,  vath  re- 
spect to  color,  with  an  ethereal  solution  of  bromine  of  known  strength, 
and  the  quantity  of  bromine  in  it  thus  ascertained.  F£HLINg|  obtained 
satisfactory  results  by  this  method.  It  will  at  once  be  seen  that  the 
amount  of  bromine  contained  in  the  fluid  to  be  analyzed  must  be  known 
in  some  measure,  before  this  method  can  be  resorted  to.  As  the  brine 
examined  by  Fehling  could  contain  at  the  most  0*02  grm.  bromine  in 
60  grm.,  he  prepared  ten  difierent  test  fluids,  by  adding  to  ten  several 
portions  of  60  grm.  each  of  a  saturated  solution  of  common  salt  increas- 
ing quantities  of  bromide  of  potassium,  containing  respectively  from 
0*002  grm.  to  0-020  grm.  bromine.  He  added  an  equal  volume  of  ether 
to  the  test  fluids,  and  then  chlorine  water,  until  there  was  no  further 
change  observed  in  the  color  of  the  ether.  It  being  of  the  highest  im- 
portance to  hit  this  point  exactly,  since  too  little  as  well  as  too  much 
chlorine  makes  the  color  appear  lighter,  Fehling  prepared  three  samples 
of  each  test  fluid,  and  then  chose  the  darkest  of  them  for  the  compari- 
son.    60  grm.  are  now  taken§  of  the  mother  liquor  to  be  examined,  the 

*  AnnaL  d.  Ghem.  tl  Pharm.  115, 140. 

f  Jonm.  f .  prakt.  Ghem.  36,  184,  proposed  to  effect  the  determinatiQii  of 
mine  m  mother  liquors. 
1  Joum.  f.  prakt.  Ghem.  45,  269. 
§  The  best  way  is  to  take  them  by  measure. 
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same  volume  of  ether  added  as  was  added  to  the  test  fluids,  and  then 
chlorine  water.  Every  experiment  is  repeated  several  times.  Direct 
sunlight  must  be  avoided,  and  the  operation  conducted  with  proper  ex- 
pedition. In  my  opinion  it  is  well  to  replace  the  ether  by  chloroform 
or  bisulphide  of  carbon* 

II.  Separation  of  JBromine  from  the  Metals. 

The  metallic  bromides  are  analzyed  exactly  like  the  corresponding 
chlorides  (§  141,  II.,  a  to  rf),  the  whole  of  these  methods  being  appli- 
cable to  bromides  as  well  as  chlorides.  In  the  decomposition  of  bro- 
mides by  sulphuric  add  (§  141,  II.,  c?),  porcelain  crucibles  must  be  used 
instead  of  platinum  ones,  as  the  latter  would  be  attacked  by  the  liber- 
ated bromine. 

Supplemenl. 
DeiermincUion  of  Free  JBromine, 

§  14*. 

Free  bromine  in  aqueous  solution,  or  evolved  in  the  gaseous  form,  is 
caused  to  act  on  excess  of  solution  of  iodide  of  potassium.  Each  eq. 
bromine  liberates  1  eq.  iodine,  which  is  most  conveniently  determined 
by  means  of  hyposulphite  of  soda  (§146).  As  regards  the  best  mode 
of  bringing  about  the  action  of  the  bromine  on  the  iodide  of  potassium, 
compare  §  142,  1. 

The  determination  of  free  bromine  in  presence  of  hydrobromic  acid 
or  metallic  bromides  is  effected  in  the  same  manner  as  that  of  free 
dilorine  in  presence  of  hydrochloric  acid  (see  §  142,  at  the  end). 

§  145. 

« 

3.  Hydriodic  Acid. 

L  Determination, 

a.  As  Iodide  op  Silver,  Gravimetricaixy. — If  you  have  hydriodic 
add  in  solution,  free  from  hydrochloric  and  hydrobromic  acids,  precipi- 
tate with  nitrate  of  silver,  and  proceed  exactly  as  with  hydrochloric 
acid  (§  141).  For  the  properties  of  iodide  of  silver,  see  §  94,  3.  The 
results  are  perfectly  accurate, 

h.  As  Protiodide  of  Palladium,  Gravimetrically. — ^The  following 
method,  recommended  first  by  Lassaione,  is  resorted  to  exclusively  to 
effect  the  separation  of  hydriodic  acid  from  hydrochloric  and  hydrobromic 
acids,  for  which  purpose  it  is  extremely  well  adapted.  Acidify  the  solu- 
tion slightly  with  hydrochloric  add,  and  add  a  solution  of  protochloride  of 
palladium,  as  long  as  a  precipitate  forms ;  let  the  mixture  stand  from  24 
to  48  hours  in  a  warm  place,  filter  the  brownish-black  precipitate  off  on  a 
i^eighed  filter,  wash  with  wai-m  water,  and  dry  at  a  temperature  from 
al>out  70°  to  80°,  until  the  weight  i^emains  constant,  llie  drying  may  be 
greatly  facilitated  by  replacing  the  water  (after  the  operation  of  washing) 
by  some  alcohol,  and  the  latter  fluid  again  by  a  little  ether.  For  the  pro« 
perties  of  the  precipitate,  see  8  94,  3.  This  method  gives  very  accurate 
results,  provided  the  drying  be  managed  with  proper  care ;  but  if  the 
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temperature  is  raised  to  near  100%  the  precipitate  smells  of  iodine,  and  t 
trifling  loss  is  incurred. 

Instead  of  simply  drying  the  protiodide  of  palladimn,  and  weigh 
ing  it  in  that  form,  yon  may  ignite  it  in  a  crucible  of  porcelain  or  j^a- 
tinum,*  and  calculate  the  iodine  from  the  residuary  metallic  palladiuit 
(H.  Kose). 

c.  With  Chlorine  Water  and  Chloroform  (after  A.  and  F. 
DuPR^f ).  This  is  based  upon  the  circumstance  that,  when  chlorine 
water  or  solution  of  chloride  of  soda  is  added  to  a  metallic  iodide,  the 
first  equivalent  of  chlorine  liberates  iodine,  which  then  combines  with  5^ 
more  equivalents  of  chlorine  to  iientachloride  of  iodine.  Golfier-Bes- 
SEYREadds  starch  pa«te  to  render  this  transition  perceptible,  whiltd  A.  and 
F.  DupRfi  employ,  with  much  better  success,  chloroform  or  bisulphide  of 
carbon,  which  are  colored  intensely  violet  by  free  iodine  as  well  as  by  all 
compounds  of  iodine  with  chlorine  containing  less  than  5  eq.  chloiine. 

The  process  may  be  conducted  in  two  different  ways. 

a.  Add  chlorine  water  to  a  few  litres  of  water,  and  determine  the  chlo- 
rine in  the  fluid  as  directed  in  §  142. 

Take  now  of  the  fluid  under  examination  a  quantity  containing  no  more 
than  about  10  mgrm.  iodine,  and  pour  this  into  a  stoppered  bottle,  add  a 
few  grammes  of  pure  chloroform  or  ])ure  bisulphide  of  carbon  (free  from 
sulphur  and  sulphuretted  hydrogen),  and  then  gradually,  drop  by  drop, 
chlorine  solution,  adding  and  shaking  vigorously  by  turns,  until  the  violet 
color  of  the  chloroform  or  bisulphide  of  carbon  just  disappears ;  which 
point  may  be  hit  with  the  greatest  precision.  6  eq.  chloiine  consumed  in 
this  process  con-espond  to  1  eq.  iodine.  A  still  simpler  way  is  to  deter- 
mine the  strength  of  the  dilute  chlorine  water  by  making  it  act  upon  a 
known  quantity  of  iodide  of  potassium,  say  10  c.  c.  of  a  solutiou  con- 
taining 0*001  grm.  iodine  in  1  c.  c,  and  then  to  apply  it  to  the  fluid  under 
examination.  The  amount  of  chlorine  consumed  in  the  first  experiment 
is,  in  that  case,  to  the  known  amount  of  iodine  as  the  quantity  consumed 
in  the  second  experiment  is  to  x. 

In  cases  where  the  quantity  of  iodine  is  so  considerable  as,  when  sepa- 
rated, to  impart  a  distinctly  perceptible  coloration  to  the  fluid,  it  is  better 
to  delay  adding  the  chloroform  or  bisulphide  of  carbon,  until  the  color 
first  produced  has  nearly  disappeared  again  upon  farther  addition  of 
chlorine  water. 

That  this  method  cannot  be  employed  in  presence  of  substances  liable  to 
be  acted  upon  by  free  chlorine  or  iodine,  is  self-evident ;  oi^anic  matters, 
more  particularly,  must  not  be  pi*esent.  If  they  are,  as  is  usually  the  case 
with  mother  liquors,  the  method  >  should  be  employed. 

/?.  Add  to  the  fluid  under  examination  chloroform  or  bisulphide  of 
carbon,  then  dilute  chloiine  water  of  unknown  strength,  until  the  fluid  vt 
just  decoloiized.  At  this  point  all  the  iodine  is  converted  in  I  CI9.  Add 
nowBolutionof  iodide  of  potassium  in  moderate  excess;  this  will  prodnoo 
for  every  equivalent  of  I  Clg,  6  eq.  free  iodine,  which  remain  dissolved  in 
the  fluid.  Determine  the  ]ibei*ated  iodine  with  hyposulphite  of  sod» 
or  sulphurous  acid,  as  directed  in  §  14G,  and  divide  the  quantity  found 
by  6  :  the  quotient  expresses  the  quantity  of  iodine  contained  in  the  (Ul- 
amined  fluid. 
i 

*  This  substance  is  not  injured  by  the  operattoo. 

t  AnuaL  d.  Ghem.  u.  Phorm.  04,  d65.  \ 
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In  (tresenoe  of  bromides,  Ddprj^'s  method  reqxdres  oertaiii  modifioatiofif^ 
for  wiiich  I  refer  to  §  169. 

This  method  is  suited  more  particularly  for  the  estimation  of  mintit« 
quantities  of  iodine.     The  results  are  most  accui'ate. 

d.  By  Distillatiok  with  Sesquiohloride  op  Ikon  (after  Dcflos). 
Wlien  hydiiodic  acid  or  a  metallic  iodide  is  heated,  in  a  distillatory- 
apparatus,  with  solution  of  pure  sesquichloride  of  iron,  the  whole  of  the 
iixline  escapes  along  with  the  aqueous  vapor  and  protochloride  of  iron 
is  fomisd  (Fe,  CI,  +  H  I  =  2  Fe  CI  +  H  CI  -f  I).  The  iodine  passing  over  is 
received  in  solution  of  iodide  of  potassium  (apparatus,  fig.  59,  p.  308), 
and  its  quantity  determined  by  means  of  hyposulphite  of  soda  or  sulphurous 
acid,  as  directed  §  146.  In  employing  this  method,  it  must  be  borne  in 
mind  that  the  sesquichloiide  of  iron  must  be  free  from  chlorine  and  nitric 
acid.  It  is  best  to  prepare  it  from  sesquioxide  of  iron  and  hydrochloric 
acid. 

e.  By  Sepabation  with  Hyponitrio  Acm.  See  sepai-ation  of  iodine 
from  chlorine,  §  169. 

H.  Separation  of  Todine  from  the  Metals. 

The  metallic  iodides  are  analyzed  like  the  corresponding  chlorides. 
From  iodides  of  the  alkali  metals  containing  free  alkali  the  iodine  may 
be  precipitated  as  iodide  of  silver,  by  first  saturating  the  free  alkali 
almost  completely  with  nitric  acid,  then  adding  solution  of  nitrate  of 
silver  in  excess,  and  finally  nitric  acid  to  strongly  acid  reaction.  If  an 
excess  of  acid  were  added  at  the  beginning,  free  iodine  might  so])arate, 
which  is  not  converted  completely  into  iodide  of  silver  by  solution  of 
nitrate  of  silver. 

With  respect  to  the  salts  insoluble  in  water,  I  have  to  observe  that 
many  of  them  are  more  advantageously  decomposed  by  boiling  with  potassa 
or  soda,  than  dissolved  in  dilute  nitric  acid,  the  latter  process  being  apt 
to  be  attended  with  separation  of  iodine.  This  applies  more  particularly 
to  subiodide  of  copper  and  to  protiodide  of  palladium.  From  iodides 
soluble  in  water,  the  iodine  may  also  be  precipitated  as  protiodide  of 
palladium. 

Lastly,  it  is  open  to  the  analyst  in  almost  all  cases  to  determine  the 
base  in  one  portion  of  the  compound,  by  heating  with  concentrated  sul- 
phuric acid,  the  iodine,  in  another  portion,  by  the  method  I.,  e.  The 
iodide  of  mercury  is  best  decomposed  by  distillation  with  8  to  10  parts  of 
a  mixture  of  1  part  cyanide  of  potassium  with  2  parts  anhydrous  lime.' 
Apparatus,  fig.  50,  p.  222  ;  a  6  is  filled  with  magnesite  (H.  Bose  *). 

Supplement, 

Determination  of  Free  Iodine, 

§U6. 

The  determination  of  free  iodine  is  an  operation  of  great  importance  in 
analytical  chemistry,  since,  as  Bun  sen  first  pointed  out,  it  is  a  means  for 
the  estimation  of  all  those  substances  which,  when  brought  into  contact  with 
iodide  of  potassium,  separate  from  the  same  a  definite  quantity  of  iodine 
{€,ff.f  chlorine,  bromine,  &c.),  or,  when  boiled  with  hydrochloric  acid,  yield 

*  Zeitschrif  1 1  anal  Ohem.  d,  1. 
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a  defirJte  quantity  of  chlorine  («.^.,  chromic  acid,  some  peroxides,  ^c). 
By  causing  the  chlorine  pix)duced  to  act  on  iodide  of  potassium,  we  obtau 
the  equivalent  quantity  of  free  iodine. 

BUNSEN  AND  ScHWARz's  METHOD. 

This  method  is  based  on  the  following  reaction  2  (NaO  S^  OJ+I= 
Nal-f-NaOS^O^ 

a.  Eequisites. 

a.  Iodine  solution  of  known  strengh.  Dissolve  6*2  to  6*3  grm.  iodiue 
with  the  aid  of  about  9  grm.  iodide  of  potassium  (free  from  iodic  acid) 
and  water  to  about  1200  c.  c. 

0.  Solution  of  hyposulphite  of  soda.  Dissolve  12*2  to  12'3  grm.  of 
the  pure  and  dry  salt  in  water  to  about  1200  c.  c. 

y.  Solution  of  iodide  of  potassium.  Dissolve  1  part  of  the  salt  (free 
from  iodic  acid)  in  about  10  parts  of  watt»r.  The  solution  must  be  col- 
orless and  must  remain  so  immediately  after  the  addition  of  dilute  sul- 
phuric or  hydrochloric  acid  (either  must  be  iron-free). 

6.  Starch  solution.  Stir  the  purest  starch  powder  gi-adually  with 
about  100  pai-ts  cold  water  and  heat  to  boiling  with  constant  stirriDg. 
Allow  to  cool  quietly,  and  pour  off  the  fluid  from  any  de{x>sit.  The 
solution  should  be  almost  clear  and  free  from  all  lumps.  The  starch 
solution  is  best  prepared  fresh  before  each  seiies  of  experiments. 

6.  Preliminary  Determinations. 

a.  DetermiiuUion  of  the  relation  between  the  Iodine  /Solution  and  Hit 
Hyposulphite  Solution. 

Fill  two  burettes  with  the  solutions.  Run  20  c.  c.  of  the  hyj>osul- 
phite  into  a  beaker,  add  some  water  and  3  or  4  c.  c.  starch  solution, 
then  add  the  iodine  till  a  blue  coloration  is  just  produced.  If  you  have 
added  a  dix>p  too  much,  run  in  one  or  two  drops  more  of  the  hyposul- 
phite, and  then  more  cautiously  one  drop  after  another  of  the  iodiue 
solution.  After  a  few  minutes  read  off  the  height  of  the  fluid  in  both 
burettes.  Suppose  we  had  used  20  c.  c.  hyposulphite  to  20*2  c.  c 
iodine. 

/3.  Exact  Determination  of  the  Iodine  in  the  Solution. 

This  is  performed  by  comparison  with  a  known  quantity  of  pure 
iodine ;  the  process  is,  as  far  as  my  experience  goes,  best  conducted  in 
the  following  manner : — 

Select  three  watch-glasses,  a,  6,  and  c,  which  fit  each  other ;  weigh  h 
and  c  together  accurately.  Put  about  0*5  grm.  pure  diy  iodiue  (pre- 
pared according  to  §  ()5,  6)  into  a,  place  it  on  an  iron  plate  and  heat  gen- 
tly, till  dense  fumes  of  iodine  escape.  Now  cover  it  with  h  and  regulate 
the  heat  so  that  the  iodine  may  sublime  entirely  or  almost  entii'ely  into 
h.  Next  remove  5,  while  still  hot,  give  it  a  gentle  swing  in  the  air,  to 
remove  the  still  uncondensed  iodine  fumes  and  any  traces  of  aqueous 
vapor,  cover  it  with  c,  allow  to  cool  under  the  desiccator,  weigh  and 
transfer  the  two  watch-glasses,  together  with  the  weighed  iotline,  to  a 
capacious  beaker,  containing  a  sufficient  quantity  of  iodide  of  potassium 
solution  to  dissolve  the  whole  of  the  iodine  to  a  clear  fluid.  Now  i-un 
in  hyposulphite  from  the  burette  till  the  fluid  is  just  decolorized,  add  3 
to  4  c.  c.  starch  solution,  and  then  iodine  solution  fi*om  a  second  burette^ 
to  incipient  blueness. 
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Affcer  the  two  burettes  have  been  read  off,  the  following  siniple  calcu' 
lation  gives  the  strength  of  the  iodine  solution : — 

Suppose  we  had  weighed  off  0*150  grm.  iodine,  and  used  29 '5  c.  c. 
hyposulphite  and  0*3  c.  c.  iodine  solution. 

From  a,  we  know  that  20  c.  c.  hyposulphite  correspond  to  20*2  c.  c. 
iodine  solution ;  29*5  c.  c.  therefore  con-espond  to  29*8  c.  c. 

Now  29*5  c.  c.  hyposulphite  correspond  to  0*150 grm.  iodine-}- 0*3  c.  c, 
iodine  solution. 

But  29*5  c.  c.  hyposulphite  also  correspond  to  29*8  c.  c.  iodine  solu- 
tion. 

.*.0*150  grm.  iodine +0*3  c,  c.  iodine  solution=29*8  c.  c.  iodine  solu- 
tion. 

.'.0*150  grm.  iodine  =  29*5  c.  c.  iodine  solution. 

.•.1  c.  c.  iodine  8olution==0*0050847  gi*m.  iodine. 

The  experiment  just  described  is  repeated  and  the  mean  of  the  two 
results  taken,  provided  they  exhibit  sufficient  uniformity. 

7.  Dilution  of  Hie  standard  fluicU  to  a  convenient  strength. 

With  the  aid  of  the  iodine  solution  the  strength  of  which  we  now 
know  exactly,  and  the  solution  of  hyposulphite  of  soda  wldch  stands  in 
a  known  relation  to  the  same,  we  might  make  any  determinations  of 
iodine.  The  calculation,  although  in  principle  extremely  simple,  is  yet 
somewhat  hampered  by  reason  of  the  long  decimal  which  expresses  the 
quantity  of  iodine  in  1  c.  c.  of  the  solution.  It  is  therefore  convenient 
to  dilute  the  iodine  solution  so  that  1  c.  c.  may  exactly  contain  0*005 
grm.  iodine.  This  is  done  by  filling  a  litre  flask  therewith,  and  adding 
the  necessary  quantity  of  water;  in  our  case  16*94  c.  c,  for  5  :  5*0847 
::1000  :  1016*94.  If  the  lifcre  flask  will  hold  above  the  maik,  this 
16*94  c.  c,  it  is  simply  added,  otherwise  it  is  put  into  the  dry  bottle 
destined  to  receive  the  iodine  solution,  the  iodine  solution  added,  the 
whole  shaken  together,  a  poi'tion  of  the  fluid  returned  to  the  flask, 
shaken,  poured  back  into  the  bottle,  and  the  whole  shaken  again. 

The  solution  of  hyposulphite  may  now  be  diluted  in  a  coiTcsponding 
manner.  In  our  case  we  should  have  had  to  add  27*11  c.  c.  water  to 
1000  c.  c.  of  the  solution,  as  will  be  seen  from  the  following  cousidei'a- 
tion: — 

20*2  c.  c.  of  the  original  iodine  solution  correspond  to  20  c.  c,  of  the 
hyposulphite  solution. 

.'.lOOO  c.  c.  correspond  to  990*1  c.  c. 

Now  these  1000  c.  c.  were  made  up  to  1016*94  by  addition  of  water ; 
if  therefore  we  make  up  990*1  c.  c.  of  the  hyposulphite  of  soda  to  the 
same  bulk  by  addition  of  water  we  shall  have  equivalent  solutions. 
Hence,  to  990"1  c.  c.  we  must  add  26*84  c.  c.  water,  or  to  1000  c.  c. 
27*11  water. 

In  such  cases  of  dilution,  I  always  prefer  to  take  exactly  1  litre  in- 
itead  of  an  uneven  number  of  c.  c,  as  in  measuiing  the  latter  erroi*sand 
inaccuracies  may  readily  occur ;  I  have  therefore,  above,  recommended 
the  preparation  of  1200  c.  c.  of  the  fluids,  so  that  after  their  determina- 
tion 1000  c.  c.  may  be  sure  to  remain. 

e.  The  actual  Analysis. 

Weigh  the  iodine,  best  in  a  small  flask,  dissolve  in  the  iodide  of  po 
taasium  solution,  using  about  5  c.  c.  to  0*1  grm.  of  iodine,  add  hyposol 
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phite  solution  ftt>iii  tbd  burette  till  decoloration  is  just  produced,  tJieu 
3  or  4  c.  c.  starch  solution,  then  iodine  solution  from  a  second  burette  t<l 
incipient  bluenesa.  The  substance  contains  the  same  amount  of  iodine 
as  the  c.  c.  of  iodine  solution  coiresponding  to  the  hyposulphite  used 
minus  the  c.  c.  of  the  former  used  to  destroy  the  excess  of  the  latter. 
Where  the  solutions  are  of  equal  value  and  1  c.  c.  corresponds  to  0*005 
grm.  iodine,  the  calculation  is  in  the  highest  degree  simple ;  for  suppose 
we  had  used  21  c.c.  Na  O,  S^  O,  and  1  c.  c.  iodine,  the  quantity  of  iodiiM 
present  is  0*100  grm. 

21—1=20,  and  20x0*005 =0-100. 

d.  Keeping  of  the  Solutions. 

The  iodine  solution  and  the  hyposulphite  solution  are  kept  in  glass- 
stoppered  bottles  in  a  cool,  dark  place.  The  former  then  suffers  no 
alteration,  and  the  latter  also  is  stable  or  only  slightly  liable  to  change. 
Caution  demands,  that  the  relation  between  the  two  solutions  should  be 
tested  before  each  new  series  of  experiments,  llie  known  amount  of 
iodine  in  the  iodine  solution  is  and  aJways  remains  the  basis  of  ihe  pro- 
cess. 


If  S(  fluid  contains  free  iodine  in  presence  of  iodine  in  a  state  of  com* 
bination,  the  former  is  determined  in  one  portion,  by  the  pi'eceding 
method,  and  the  total  amount  of  iodine  present  in  another  portion.  To 
this  end,  sulphurous  acid  is  added  until  the  fluid  appears  colorless,  and 
then  solution  of  nitrate  of  silver  (8  145,  I.,  a) ;  the  mixtui-e  in  digested 
with  nitric  acid,  to  remove  any  sulphate  of  silver  that  might  have  been 
thrown  down  along  with  the  iodide,  filtered,  <bc. ;  or  the  fluid  is  distilled 
with  sesquichloride  of  iron,  as  dii*ected  in  §  145,  I.,  d, 

4.  Htdrocyakic  Acid. 

I,  Detemiination. 

a.  If  you  have  free  hydrocyanic  acid  in  solution,  mix  the  solution,  in 
a  rather  dilute  state,  with  a  solution  of  nitrate  of  silver  in  exce^  add  a 
Uttle  nitric  acid,  allow  to  settle  without  warming,  and  determine  the  pre- 
cipitated cyanide  of  silver  either  by  collecting  on  a  weighed  filter,  drying 
at  100°  and  weighing  (§  115,  3),  or  by  collecting  on  an  unweighed  filter 
and  converting  into  metallic  silver.  The  latter  operation  is  performed 
by  igniting  the  precipitate  in  a  porcelain  crucible  for  ^  hour,  or  till  it 
ceases  to  lose  weight  (H.  Kose). 

If  you  wish  to  determine  in  this  way  the  hydrocyanic  acid  in  bitter 
almond  water  or  cherry  laurel  water,  add  ammonia  after  the  addition  of 
the  solution  of  nitrate  of  silver  till  the  fluid  has  become  clear,  and  at 
once  supersaturate  slightly  with  nitric  acid.  This  modification  of  th» 
pi*ocess  is  indispensable  to  precipitate  from  these  fluids  the  whole  of  the 
hydrocyanic  acid  as  cyanide  of  silver.  In  measuring  a  fluid  containing 
hydrocyanic  acid  with  a  pipette,  have  a  little  tube  filled  with  granulated 
■oda-lime  between  the  latter  and  the  mouth* 

6.  LiBBia'fi  Volumetric  Method,* — If  hydrooyaaic  add  is  mixed  with 

♦  AnnaL  d.  Chem.  tL  Pharm.  77,  102. 


§  14T;]  ETDBOGYAKIG  ACID.  81? 

poiassa  to  strong  alkalinfi  reaction,  and  a  dilute  solution  of  nitrate  of 
«Uver  i»  then  added,  a  permanent  tnrbidity  of  cyanide  of  silver — or,  if  a 
few  drops  of  solution  of  chloride  of  sodium  have  been  added  (which  is 
always  advisable),  of  chloride  of  silver-^forms  only  after  the  whole  of 
the  cyanogen  is  converted  into  double  cyanide  of  silver  and  potassium.  The 
first  drop  of  solution  of  nitrate  of  silver  added  in  excess  pi*oduces  the  per- 
manent }>recipitate.  1  eq.  silver  consumed  in  the  process  corresponds,  there- 
fore, exactly  to  2  eq.  hydrocyanic  acid  (2  K  Cy  -h  Ag  O,  NOftSasAg  Cy,  K  Cy 
4-K  O,  N  O5).  A  decinormal  solution  of  nitrate  of  silver,  containing 
consequently  10*797  grm.  silver  in  the  litre,  should  be  used;  1  c.  c.  of 
this  solution  corresponds  to  0*0054  of  hydrocyanic  acid.  In  examining 
medicinal  hydrocyanic  acid,  5  to  10  grm.  ought  to  be  used,  but  of  bitter 
almond  water  about  50  grm. ;  if  exactly  5*4  or  54  grm.  are  used,  the 
c.  c.  of  the  silver  solution,  divided  by  10,  or  by  100,  expresses  exactly 
the  percentage  of  hydrocyanic  acid.  Medicinal  hydrocyanic  acid  is  suita- 
bly diluted  firat  by  adding  from  5  to  8  volumes  of  water ;  bitter  ^mond 
water  also  is  slightly  diluted  ;  if  turbid,  alcohol  is  added,  until  the  tur- 
bidity disappeai*8. 

LiEBiG  haa  examined  hydrocyanic  acid  of  various  degrees  of  dilution, 
and  has  obtained  results  by  this  method  corresponding  exactly  with  those 
obtained  by  a.  In  this  method  it  does  not  matter  whether  the  hydro- 
cyanic acid  contains  an  admixture  of  hydrochloric  acid  or  formic  acid. 
A  considerable  excess  of  potassa  must  be  avoided. 

If  it  is  intended  to  determine  cyanide  of  potassium  by  this  method,  a 
solution  of  that  salt  must  be  prepared  of  known  strength,  and  a  measure^^ 
quantity  used  containing  about  0*1  grm.  of  the  salt.  Should  it  contain 
sulphide  of  potassium,  a  small  quantity  of  freshly  precipitated  carbonate 
of  lead  must  be  first  added,  and  the  solution  filtered  before  proceeding 
to  the  determination. 

II.  Separation  of  Cycmogen  from  the  Mekds, 
a.  In  Cyanides  of  the  Alkali  Metals. 

Mix  the  substance  (if  solid,  without  previous  solution  in  water)  with 
excess  of  nitrate  of  silver  solution,  then  add  water,  finally  nitric  acid  in 
slight  excess,  allow  to  settle  without  warming,  and  determine  the  cyanide 
of  silver  as  in  I.,  a.  The  bases  are  determined  in  the  filtinte  after  sepa- 
rating the  excess  of  silver. 

h.  In  Ci/anideSf  tohicJt  are  easUy  decomposed  by,  and  soVuhle  in,  Nit^rie 
Acid. 

Digest  for  some  time  with  nitrate  of  silver,  stirring  frequently,*  then 
add  nitric  acid  in  moderate  excess,  and  digest  at  a  gentle  heat,  till  the 
foreign  cyanide  is  fully  dissolved  and  the  cyanide  of  silver  has  become 
pure  and  quite  white.  Then  filter.  As  a  precautionary  measure  it  is 
well  to  test  the  metal  obtained  by  long  ignition  of  the  cyanide  of  silver, 
whether  it  is  free  fi*om  those  metals  which  were  combined  with  the 
fyanogen. 

e.  In  Cyanide  of  Mercury, 

Precipitate  the  aqueous  solution  with  sulphuretted  hydrogen ;  the  sul- 
phide of  mercury  may  be  filtered  without  difficulty  if  a  little  ammonia 

*  DooMe  cyanide  of  nickel  and  potaasium  yields  by  this  process  a  mixture  of 
iijMiidn  of  aiWer  with  cyanide  of  nickel.  Other  double  cyanideB  are  similazi^f 
deoomposed. 


3I€  determtkatiok;  [g  U7 

or  hjdrocliloric  acid  be  added;  it  is  determined  according  to  §  118,  3 
If  the  compound  is  in  the  soKd  con  lition,  the  cyanogen  may  be  deter 
mined  in  another  portion  by  ignition  with  oxide  of  copper,  the  nitrogen 
and  carbonic  acid  being  collected  and  separated  (comp.  organic  analysis) 
H.  Rose  and  Finkeneb*  give  the  following  method  for  determining 
cyanogen  in  solutions  of  cyanide  of  mercury.  Mix  the  solution  of  the 
cyanide  of  mercury  with  nitrate  of  zinc  dissolved  in  ammonia.  To  1 
part  of  mercury-salt  add  about  2  parts  of  the  zinc-salt.  Add  to  the 
clear  solution  sulphuretted  hydrogen  water  gradually  till  it  produces  a 
perfectly  white  precipitate  of  sulphide  of  zinc.  The  precipitate,  which 
is  a  mixture  of  the  sulphides  of  mercury  and  zinc,  settles  well.  After 
a  quarter  of  an  hour  filter  it  off  and  wash  with  very  dilute  ammonia. 
The  filtrate  contains  cyanide  of  zinc  dissolved  in  ammonia,  together  with 
nitrate  of  ammonia.  It  does  not  smell  of  hydrocyanic  acid,  and  conse- 
quently no  escape  of  the  latter  takes  p\&ce.  Mix  it  with  nitrate  of  sil- 
ver aud  then  add  dilute  sulphuric  acid  in  excess.  The  cyanide  of  silver 
is  next  washed  a  little  by  decantation,  -then^ — to  free  it  from  any  cyanide 
of  zinc  simultaneously  precipitated — cheated  with  a  solution  of  nitrate 
of  silver,  finally  filtered  off",  washed,  and  determined  after  I.,  a.  The 
precipitated  sulphides  may  be  dissolved  in  aqua  regia,  and  the  mercury 
precipitated  as  subchloride  according  to  §  118,  2,  a.  The  test-analyses 
communicated  by  Rose  yielded  excellent  results. 

d.  In  compounds  decomposable  hy  Oodde  of  Mercury  in  the  Wei  Way, 

Many  simple  cyanides^  and  also  double  cyanides — both  of  the  chctrac- 
ter  of  the  double  cyanide  of  nickel  and  potassium,  and  of  tlie  ferro-  or 
fenicyanides  (not,  however,  cobalticyanides) — may,  as  is  well  known,  be 
completely  decomposed  by  boiling  with  excess  of  oxide  of  mercuiy  and 
water,  all  cyanogen  being  obtained  as  cyanide  of  mercury,  and  the  metals 
passing  into  oxides. 

H.  Rose  (he,  cit,)  has  shown,  that  Prussian  blue,  ferro-  and  ferri- 
cyanide  of  potassium,  more  particularly,  may  be  readily  analyzed  in 
this  manner. 

Boil  a  few  minutes  with  water  and  excess  of  oxide  of  mercury  till  com- 
plete decomposition  is  effected,  add — in  order  to  render  the  sesquioxide 
of  iron  and  oxide  of  mercury  removable  by  the  filter — nitric  acid  in 
small  portions,  till  the  alkaline  i*eaction  has  nearly  disappeared,  filter, 
wash  with  hot  water,  dry  the  precipitate,  ignite — very  graduajly  raising 
the  heat — under  a  hood  (with  a  good  draught),  and  weigh  the  sesqui- 
oxide of  iron  remaining.  In  the  filtrate  the  cyanogen  is  determined 
according  to  c,  and  any  potassa  that  may  be  present  is  estimated  in  the 
fluid  filtered  from  the  cyanide  of  silver. 

e.  Determination  of  Metals  contained  in  Cyanides  with  decomposition 
and  volatilization  of  the  Cyanogen, 

Of  the  various  means  for  completely  decomposing  compounds  of  cyan- 
ogen, especially  also  the  double  cyanides,  according  to  H.  Rose  {loc,  cit,)^ 
three  particularly  are  worthy  of  recommendation,  viz.,  concentrated 
sulphuric  acid,  sulphate  of  mercury,  and  chloride  of  ammonium.  The 
nitrates  veemed  decidedly  less  suitable  on  account  of  their  too  violent 
action. 

a.  Deijompobitioit  by  Sulphuric  Acid.    All  cyanogen  eompoundi^ 

*  Zeitsohr.  t  anal.  Chem.  1,  28S. 


g  117.]  BTDBOCYANIC  ACID.  S1& 

simple  or  double,  are  completely  decomposed  and  converted  into  std* 
phates  or  oxides,  as  the  case  may  be,  if  treated  in  a  powdered  condition 
in  a  platinum  dish  or  a  capacious  platinum  crucible  with  a  mixture  of 
about  3  parts  concentrated  sulphuric  acid  and  1  part  water,  and  heated 
till  almost  all  the  sulphuric  acid  has  been  expelled.  The  residual  mas? 
is  then  firee  from  cyanogen.  It  is  dissolved  in  water,  if  necessary,  with 
addition  of  hydrochloric  acid,  and  the  oxides  determined  by  the  usual 
methods. 

3.  Decomposition  by  Sulphate  of  Mercury.  Of  the  combinationa 
of  oxide  of  mercury  with  sulphuric  acid,  those  suitable  to  our  present 
purpose  are  the  neutral  and  the  basic  (Turpeth  mineral).  The  substance 
is  mixed  with  6  parts  of  the  latter,  heated  in  a  platinum  crucible  gradu- 
ally, and  finally  maintained  for  a  long  time  at  a  red-heat,  till  all  the 
mercury  has  volatilized,  and  the  weight  of  the  crucible  remains  constant. 
If  alkalies  are  present,  a  little  carbonate  of  ammonia  is  added  during 
the  final  ignition,  from  time  to  time,  in  order  to  convert  the  bisulphates 
into  neutral  salts.  The  residue  may  usually  be  analyzed  by  simple  treat- 
ment with  water,  in  the  case  of  ferrocyanide  of  potassium,  for  instance, 
the  sulphate  of  potassa  dissolves,  and  pure  (alkali-free)  sesquioxide  of 
iron  remains  behind.  Tlie  test-analyses  that  have  been  communicated 
yielded  excellent  results. 

7.  Decomposition  by  Chloride  of  Ammonium.  Mix  the  substance 
with  twice  or  thrice  the  amount  of  this  salt  and  ignite  the  mixture 
moderately  in  a  stream  of  hydrogen  (apparatus,  p.  181,  fig.  47).  From 
ihe  cooled  mass  water  extracts  alkaline  metallic  chloride,  while  the 
reducible  metals  remain  behind  in  the  metallic  state.  The  method  is 
peculiarly  adapted  for  the  analysis  of  double  cyanide  of  nickel  and  po- 
tassium and  cobalticyanide  of  potassium,  not  so  for  iron  compounds, 
since  the  iron  obtained  is  not  pure,  but  contains  carbon. 

If  one  of  the  methods  described  in  c  is  employed,  the  nitrogen  and 
carbon  (the  cyanogen)  must  be  determined  by  combustion,  if  an  estima- 
tion by  the  loss  is  not  sufficient. 

f.  Determination  of  the  Alkalies^  especially  of  Ammonia  in  Soluble 
Ferrocyanidea, 

Mix  the  boiling  solution  with  a  solution  of  chloride  of  copper  in 
moderate  excess,  filter  off  the  precipitated  ferrocyanide  of  copper,  free 
the  filtrate  from  copper  by  means  of  sulphuretted  hydrogen,  and  then 
determine  the  alkalies  (Reindel*). 

g.  Volumetric  Determhiation  of  Ferro-  and  Ferricyanogen, 

a.  After  E.  DE  Haen.  This  method,  devised  in  my  laboratoiy,  is 
founded  upon  the  simple  fact  that  a  solution  of  ferrocyanide  of  potassium 
acidified  with  sulphuric  acid  or  with  hydrochloric  acid  (and  which  may 
accordingly  be  assumed  to  contain  free  hydroferrocyauic  acid),  is  by 
addition  of  permanganate  of  potassa  convei-ted  into  the  coiTesponding 
ferricyanide.  If  this  conversion  is  effected  in  a  very  dilute  fluid,  con- 
taining about  0*2  grm.  ferrocyanide  of  potassium  in  from  200  to  300  e. 
c,  the  termination  of  the  reaction  is  clearly  and  unmistakably  indicated 
by  the  change  of  the  originally  pure  yellow  color  of  the  fluid  to  reddish- 
jrellow. 

Ue  PTOC498S  requires  two  test  fluids  of  known  strength,  viz^ 

*  Joam.  f.  prakt.  Chem.  65,  452. 
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1.  A  Bolution  of  pure  ferrocyanide  of  potaasiuiOi 

2.  A  solution  of  permanganate  of  potassa. 

The  forfner  is  pre{iared  bj  dissolving  20  grm.  peifectly  pure  and  dnf 
erjstallized  ferrocyanide  of  potassium  in  water  to  1  litre;  each  g.  c, 
therefore  contains  20  mgrm.  The  latter  is  diluted  so  that  somewhat 
less  than  a  buretteful  is  required  for  10  c.  c.  of  the  solution  of  ferro- 
cyanide of  potassium. 

To  determine  the  strength  of  the  permanganate  of  potassa  solution  in 
its  action  upon  ferrocyanide  of  potassium,  measure  ofi',  by  means  of  n 
small  pipette,  1 0  c.  c.  of  the  solution  of  ferrocyanide  of  potassium  (coii' 
taining  0'200  grm.)  dihit«  with  about  250  c.  c.  water,  acidify  with  bydi-o- 
chloric  acid,  place  the  glass  on  a  sheet  of  white  paper,  and  allow  the 
permanganate  to  drop  into  the  fluid,  stirring  it  at  the  same  time,  until 
the  change  from  yellow  to  redilishryeWow  indicates  that  the  conversion 
is  complete,*  Repetitions  of  the  experiment  always  give  very  accu- 
rately corresponding  results.  If  at  any  time  you  have  reason  to  suspect 
that  the  permanganate  has  suffered  alteration,  recoui-se  must  be  had 
again  to  this  experiment. 

To  determine  the  amount  of  real  feiTOcyanide  of  potassium  contained 
in  any  given  sample  of  the  commercial  article,  dissolve  5  grm.  to  250 
c.  c. ;  take  10  c.  c.  of  this  solution,  and  examine  as  just  dii'ected.  Sup- 
pose, in  determining  the  strength  of  the  permanganate,  you  have  used 
20  c.  c,  and  you  find  now  that  19  c.  c.  is  sufficient,  the  simple  rule-of- 
three  sum, 

20  :  0-200::  19  :« 

will  inform  you  how  much  pure  ferrocyanide  of  potassium  0'200  gi-nu 
of  the  analyzed  salt  contains.  And  even  this  small  calculation  may  be 
dispensed  with,  by  diluting  the  permanganate  so  that  exactly  50  c.  c. 
correspond  to  0*200  of  ferrocyanide  of  potassium,  as,  in  that  case,  thi*. 
number  of  half-c.  c.  consumed  expresses  directly  the  percentage  of  th«: 
feiTocyanide  of  potassium  present  in  the  analyzed  salt. 

Instead  of  determining  the  strength  of  the  permanganate  by  means 
of  pure  ferrocyanide  of  potassium,  which  is  unquestionably  the  best  way, 
one  of  the  methods  given  in  §  112,  2,  may  also  be  employed;  bearing 
in  miud,  in  that  case,  that  2  eq.  ferrocyanide  of  potassium  =  422*44 
(together  with  the  water  of  cryst^lization),  2  eq.  ii*on  dissolved  to  pro- 
toxide =  56,  and  1  eq.  oxalic  acid  =  63  (together  with  the  water  of 
hydration  and  crystallization)  are  equivalent  in  their  action  upon  solu- 
tion of  permanganate  of  potassa. 

The  analysis  of  soluble  ferricyanides  by  this  method  is  effected  by 
reducing  theui  to  feri*ocyanides,  acidifying,  and  then  proceeding  in  the 
same  way  as  just  now  described.  The  reduction  is  eflectod  as  follows; — 
Mix  the  Weighed  ferricyauide  with  solution  of  soda  or  iK>tatfsa  in  excess, 
boil,  and  add  concentrated  solution  of  sulphate  of  pix>toxide  of  iron 
gradually ,  and  in  siuall  jiortions,  until  the  color  of  tlie  precipitate  appears 
black,  which  is  a  sign  that  protosesquioxide  of  iron  has  precipitated 
Pilute  now  to  300  c.  c,  mix,  filter,  and  proceed  to  determine  the  (etro- 
cyanide  in  portions  of  50  or  100  c.  c.  of  the  fluid.  As  the  space  occu' 
pied  by  the  precipitate  is  not  taken  into  account  in  this  process,  the 

*  If  yoa  wish  at  first  for  some  additional  evidence  besides  the  change  of  oolor, 
add  to  a  drop  of  the  mixture  on  a  plate,  a  drop  of  solution  of  sesquichloride  of 
Iron :  if  this  fails  to  produce  a  blue  tint,  the  oonvexeion  is  aooomplished. 
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resultB  ore  not  absolutely  acourate.     The  difference  is  so  very  trifling, 
howeyer,  that  it  may  safely  be  disregarded. 

Insoluble  ferro-  or  ferricyanides,  decomposable  by  boiling  solution  of 
potassa  (as  are  most  of  these  compounds),  are  analyzed  by  boiling  a  weighed 
sample  sufficiently  long  with  an  excess  of  solution  of  potassa  (adding,  in 
the  case  of  ferricyauides,  sulphate  of  protoxide  of  iron),  and  then  pro- 
ceeding in  the  same  way  as  directed  above. 

p.     After  E.  Bohlio  * 

In  the  case  of  a  fluid  containing  ferrocyanide  of  potassium,  and  also 
sulphocyanide  (for  instance,  the  red  liquor  of  the  prussiate  works),  the 
method  given  in  a  cannot  be  employed,  as  the  hydrosulphocyanic  acid 
also  reduces  permanganic  acid.  The  following  method---depending  on 
the  precipitation  of  the  ferrocyanogen  with  solution  of  sulphate  of  copper 
— ^may  then  be  used ;  it  is  accurate  enough  for  technical  purposes.  Dis- 
solve 10  grm.  pure  sulphate  of  copper  to  1  litre,  also  4  grm.  pure  dr;* 
ferrocyanide  of  potassium  to  1  litre.  Add  to  50  c.  c.  of  the  latter  solution 
(which  contain  0*2  grm.  ferrocyanide  of  potassium)  copper  solution  from 
a  burette  to  complete  precipitation  of  the  ferrocyanogen.  In  order  to  hit 
this  point  exactly,  fi-om  time  to  time  dip  a  sti*ip  of  filter-paper  into-  the 
brownish-red  fluid,  which  will  imbibe  the  clear  filtrate,  leaving  the  preci- 
pitate of  ferrocyanide  of  copper  behind.  At  first  the  moist  strips  of  paper^ 
when  touched  with  sesquichloride  of  iron,  become  dark  blue,  the  reaction 
gradually  gets  weaker  and  weaker,  and  finally  vanishes  altogether.  We 
now  know  the  value  of  the  copper  solution  with  reference  to  its  action  on 
ferrocyanide  of  potassium,  and  can,  therefore,  by  its  means  test  solutions 
containing  unknown  amounts  of  ferrocyanogen.  If  alkaline  metallic  sul- 
phides are  present,  they  are  first  removed  by  boiling  with  carbonate  of 
lead.  After  filtering  off  the  sulphide  of  lead,  acidify  with  dilute  sulphu* 
ric  acid,  and  then  proceed. 

§  U8. 
5.  Hydrosulphubig  Acn>. 

I.  J?etermi7icUion, 

Sulphuretted  hydrogen  in  the  free  state  is  most  readily  and  very  accu- 
rately determined  by  volumetric  analysis,  by  means  of  iodine ;  it  may  also 
be  determined  by  conversion  into  a  suitable  sulphide  or  into  sulphate  of 
baryta,  and  weighing. 

a.  The  method  of  determining  free  sulphuretted  hydrogen  by  volu- 
metric analysis,  by  means  of  a  solution  of  iodine,  waF  employed  first  by 
DuPASQUiER.  That  chemist  used  alcoholic  solution  of  iodine  for  the  pur- 
pose. But  as  the  action  of  the  iodine  upon  the  alcohol  gradually 
alters  the  composition  of  this  solution,  it  is  better  to  use  a  solution  of 
iodine  in  iodide  of  potassium.     The  decomposition  is  as  follows : 

HS-hI=HI  +  S 

1  eq.  1=127  corresponds,  therefore,  to  1  eq.  H  S=17.  However,  this 
exact  decomposition  can  be  relied  upon  with  certainty  only  if  the  amount 
of  sulphuretted  hydrogen  in  the  fluid  to  be  analyzed  dees  not  exceed  0*04 
per  cent.  (Bunsen).   Fluids  containing  a  larger  proportion  of  sulphuretted 

I  [         I      I  i        ■  —  ■    I.  ■  .  '  I      -  ■ .        I  I       I  .  ■  I.    I  I  I  m 

•  Pc^yteohn.  NotlzfelaH,  16, 81. 
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hydrogen  must  therefore  first  be  diluted  to  the  required  degree  with  boiled 
water  cooled  out  of  the  -contact  of  air. 

The  iodine  solution  of  §  146  may  be  used  for  the  estimation  of  largei 
quantities  of  sulphuretted  hydrogen;  for  weak  solutions,  e,  ,^.,  sulphuretted 
mineral  water,  it  is  advisable  to  dilute  the  iodine  solution  of  §  146  to 
5  times  the  volume,  which  accordingly  will  give  a  fluid  containing  about 
O'OOl  grm.  iodine  in  the  c.  c. 

The  process  is  conducted  as  follows : — 

Measure  or  weigh  a  certain  quantity  of  the  sulphuretted  water,  dilate, 
if  required,  in  the  manner  directed,  add  some  thin  starch-paste,  and  then 
solution  of  iodine,  with  constant  shaking  or  stirring,  until  the  permanent 
blue  color  begins  to  appear.  The  result  of  this  experiment  indicates  ap- 
proximately, but  not  with  positive  accuracy,  the  relation  between  the 
examined  water  and  the  iodine  solution.  Suppose  you  have  consumed,  to 
220  c.  c.  of  the  sulphuretted  water,  12  c.  c.  of  a  solution  of  iodine  con- 
taining 0'0009 1 8  grm.  iodine  in  the  c.  c*  Introduce  now  into  a  flask  nearh 
the  quantity  of  iodine  solution  required,  add  the  sulphuretted  water  m 
quantity  either  already  determined,  or  to  be  determined,  by  weight  oi 
measure ;  f  then  to  the  colorless  fluid  add  thin  starch-paste,  and  after  this 
iodine  solution  until  the  blue  color  just  begins  to  show.  By  this  course 
of  proceeding,  you  avoid  the  loss  of  sulphuretted  hydrogen  which  would 
otherwise  be  caused  by  evaporation  and  oxidation.  In  my  analysis  of 
the  Weilbach  water,  256  c.  c.  of  the  water  required,  in  my  second  experi- 
ment, 16  "26  c.  c.  of  iodine  solution,  which,  calctdated  to  the  quantity  of 
sulphuretted  water  used  in  the  first  experiment,  viz.,  220  c.  c,  makes  13*9 
c.  c,  or  1*9  c.  c.  more. 

But  even  now  the  experiment  cannot  yet  be  considered  quite  conclu- 
sive, when  made  with  a  solution  of  iodine  so  dilute ;  it  being  still  necessary 
to  ascertain  how  much  iodine  solution  is  required  to  impart  the  same  blue 
tint  to  the  same  quantity  of  ordinary  water  mixed  with  stfrch-paste,  of  the 
samfi  temperature,!  and  as  nearly  as  possible  in  the  same  condition  §  a» 
the  analyzed  sulphuretted  water,  and  to  deduct  this  from  the  quantity  of 
iodine  solution  used  in  the  second  expeiiment.  Thus,  in  the  case  men- 
tioned, I  had  to  deduct  0'5  c.  c.  from  the  16*26  c.  c.  used.  If  the  in- 
structions here  given  are  strictly  followed,  this  method  gives  veiy  accurate 
results  (see  Expt.  No.  91). 

6.  Mix  the  sulphuretted  fluid  with  an  excess  of  solution  of  arsenite  of 
soda,  add  hydrochloric  acid,  allow  to  deposit,  and  determine  the  sul- 
phide of  arsenic  as  directed  §  127.  If  the  quantity  of  sulphuretted  hydro- 
gen in  the  analyzed  fluid  is  moderately  large,  the  results  obtained  by  this 
method  are  accurate  (compare  Expt.  No.  91);  but  in  the  case  of  very 
dilute  solutions  the  results  are  too  low,  as  a  little  tersulphide  of  arsenic 
remains  in  solution.  Hence,  in  my  analysis  of  the  Weilbach  water,  this 
method  gave  only  0*006621  and  0*006604  per  1000,  whilst  water  taken 
from  the  well  at  the  same  time,  and  determined  with  iodine,  gave  0*007025 
of  H  S  per  1000.    Instead  of  arsenious  acid,  solution  of  chloride  of  copper 


*  The  numbeTs  here  stated  are  those  whloh  I  obtaiaed  in  the  analysis  of  tho 
Weilbach  water. 

t  Compare  Experiment  No.  91. 

i  Annal.  d,  Chem.  n.  Pharm.,  102, 186. 

§  I  would  recommend,  in  cases  where  the  salphnretted  water  contains  hiou^ 
booate  of  soda,  to  add  to  the  ordinary  water  an  equal  qnantit^  of  this  salt,  is  ill 
presence  has  a  slight  isfluence  on  the  appearance  of  the  final  reaction. 
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or  a  solution  of  8il^'er  may  be  employed  as  precipitant,  and  the  siilphui 
determined  in  the  sulphide  of  copper  as  sulphate  of  baryta  (see  II.),  or 
in  the  sulphide  of  silver  as  chloride  of  silver.  The  results  obtained  by 
precipitating  with  chloride  of  copper  are  also  too  low,  in  the  case  of  very 
dilute  fliHds. 

For  the  analysis  of  mineral  waters,  the  method  a  will  always  answer 
best,  unless  presence  of  hyposulphites  should  impair  its  accuracy. 

c.  If  the  sulphuretted  hydrogen  is  evolved  in  the  gaseous  state,  and  largp 
quantities  are  to  be  determined,  the  best  way  is  to  conduct  it  fii'st  tnrough 
several  bulbed  U-tubes  (fig.  59,  p.  308),  containing  an  alkaline  solution 
of  arsenite  of  soda,  then  through  a  tube  connected  with  the  exit  of  the  last 
U-tube,  which  contains  pieces  of  glass  moistened  with  solution  of  soda ;  to 
mix  the  fluids  afterwards,  and  proceed  as  in  6  or  c.  If,  on  the  other  hand, 
we  have  to  determine  small  quantities  of  sulphuretted  hydrogen  contained  in 
a  large  amount  of  air,  t&c.,  it  is  well  to  pass  the  gaseous  mixture  in  question 
in  separate  small  bubbles  through  a  very  dilute  solution  of  iodine  in  iodide 
of  potassium,  of  known  volume  and  strength,  which  is  contained  in  a  long 
glass  tube  fixed  in  an  inclined  position  and  protected  against  sunlight. 
The  free  iodine  remaining  is  finally  estimated  by  means  of  a  solution  of 
hyposulpliite  of  soda  (§  146) ;  the  difference  gives  us  the  quantity  of  iodine 
which  has  been  converted  by  sulphuretted  hydrogen  into  hydriodic  acid, 
and  consequently  corresponds  to  the  amount  of  the  sulphuretted  hydrogen 
present.  The  volume  of  the  gaseous  mixture  may  be  known  by  measuring 
the  water  which  has  escaped  from  the  aspirator  used.  The  arrangement 
of  the  absorption  tube  is  the  same  as  is  figured  in  connection  with  the  de- 
termination of  carbonic  acid  in  the  air  (§  241,  at  the  end).  The  thin 
glass  tube  conducting  the  gas  into  the  absorption  tube,  however,  must 
not  be  provided  with  an  india-rubber  elongation. 

H.  Separation  and  Determinatum  of  Svlphur  in  Sulj^huha, 

A,  Methods  based  on  the  Oonversiok  of  the  Sulphur  into 

Sulphuric  Acid. 

1.  JfetJiods  in  the  Dry  Way. 

a.  Oxidation  hy  Alkaline  iWira^M  (applicable  to  all  compounds  of  sua 
phur).  If  the  sulphides  do  not  lose  any  sulphur  on  heating,  mix  the  ])ulver- 
ized  and  weighed  substance  with  3  parts  of  anhydrous  cai-bonate  of  soda  and 
4  of  nitrate  of  potassa,  with  the  aid  of  a  rounded  glass  rod,  wipe  tiie  particles 
of  the  mixture  which  adhere  to  the  rod  carefully  off  against  some  carbonate 
of  soda,  and  add  this  to  the  mixture.  Heat  in  a  platinum  or  porcelain 
crucible  (which,  however,  is  somewhat  affected  by  the  process),  at  a 
gradually  increased  temperature  to  fusion ;  keep  the  mass  in  that  state  for 
some  time,  then  allow  it  to  cool,  heat  the  residue  with  water,  filter,  and 
determine  in  the  filtrate,  which  contains  the  whole  of  the  sulphur  as  alka- 
line sulphate,  the  sulphuric  acid  as  directed  in  §  132.  The  metal,  metallic 
oxide,  or  carb6nate,  which  remains  imdissolved,  is  determined,  according 
to  drcumstjinces,  either  by  direct  weighing  or  in  some  other  suitable  way. 
In  the  presence  of  lead,  before  filtering,  pass  carbonic  acid  through  the 
mAniion  of  the  fused  mass,  to  precipitate  the  small  quantity  of  that  metal 
wldcli  has  passed  into  the  alkaline  solution. 

Should  the  sulphides,  on  the  contrary,  lose  sulphur  on  heating,  the  finely 
powdered  compound  is  mixed  with  4  parts  carbonate  of  soda,  8  parts 
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Ditre,  &nJ  24  pui'ta  pure  tuid  perfectly  dry  chloride  of  sodium,  and  the 
prjceB8  otherwise  conducted  as  alretidy  given. 

6.  Oxidation  by  C/dorine  Gas  [sifter  JiERZEUvs  aadK.  Bx}sx,f:spea3iBj 
Biitable  for  BuIphosaJts  of  complicated  composition). 

The  following  apparatus,  or  one  of  similar  construction,  is  used  :— 


Tig.  ea 

^  jn  the  evolution  flask,*  Ji  contftins  concentrated  sulphuric  add,  C 
chloride  of  calcium,  D  the  aubstancq,  £J  ia  the  receiver  containing  water 
(or — in  the  presence  of  antimony— a  solution  of  tartaric  acid  in  dilute 
hydrochloric  acid),  Fis  a  U-tube  also  containing  water,  (?  conducts  the 
escaping  chlorine  into  a  carboy  filled  with  moist  hydrate  of  lime. 

When  theappai-atiis  is  arranged,  the  sulphide  to  be  examined  b  weighed 
in  a  narrow  glass  tube  sealed  at  one  end,  and  subaequentiy  cautiouHly 
ti'ansferred  fiom  this  tube  to  the  bulb,  in  the  manner  illustrated  by 
iig.  Gl,  BO  as  to  prevent  any  poi'tion  of  the 
substance  getting  into  the  en^  of  the  bnlh- 
tuUi. 

[In  most  cases  it  is  more  convenient  to  put 

the  weighed  substance  into  a  porcelvn  teiy 

(tig.  24),  which  is  slipped  into  a  plain  piece  of 

]  Bohemian  combustion-tube  bent  like -Z?0.    At 

the  close  of  the  process  the  tray  may  be  with- 

Tig.  61.  drawn  and  its  contents  weighed  or  otherwise 

treated.] 

When  the  ap{>aratns  is  filled  with  chlorine,  J>  is  connected  with  C, 

and  the  chlorine  is  allowed  to  act  on  the  sulphide,  at  first  without  the 

*  Poar  A  perffcllff  cold  miibiTe  of  4.1  parts  of  snlphuric  acid  and  21  of  water,  om 
one  of  ISpirts  of  i^lorideof  sodium  and  lA  ot  jinflg potuda-td  hiaoiido  ot  ahogi^ 
neu,  and  shake,  whan  a  stead;  evolntion  of  ablorine  will  at  onc«  begin,  wbid^ 
when  it  BhowB  eigna  of  slackening,  may  be  promoted  by  a  gentk  heali 
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aid  of  heat.  When  no  further  alteration  is  observed — the  receiver  JE 
being  full  of  chlorine— a  very  gentle  heat  is  applied  to  the  bulb,  care 
being  taken  also  to  keep  the  tube  0  warm,  securing  it  thus  from  being 
stopped  up  by  the  sublimate  of  a  volatile  chloride.  The  sulphide  is  com- 
pletely decomposed  by  the  chlorine,  the  metals  being  converted  into  chlo- 
rides, which  partly  remain  in  the  bulb,  partly — (viz.  the  volatile  ones,  as 
chloride  of  antimony,  chloride  of  arsenic,  chloride  of  mercury) — pass  over 
into  the  receiver  ;  the  sulphur  combines  with  the  chlorine  to  chlolide  of 
sulphur,  which  passes  over  into  E^  where,  coming  in  contact  with  water, 
it  decomposes  with  the  latter,  forming  hydrochloric  acid  and  hypo- 
sulphurous  acid,  with  separation  of  sulphur.  The  hyposulphurous  acid 
decomposes  again  into  sulphur  and  sulphurous  acid,  which  latter  is  at  last, 
by  the  action  of  the  chloiine  water  in  E^  convei-ted  into  sulphuric  acid. 
The  final  result  of  the  decomposition  is  consequently  sulphuric  acid  and  a 
greater  o^^  less  amount  of  sepai-ated  sulphur.  The  operation  is  concluded 
when  no  more  products — ^with  the  exception,  perhaps,  of  sesquichloride 
of  iron,  tbe  complete  expulsion  of  which  need  not  be  awaited — pass  over 
from  the  bulb.  Heat  is  th^n  applied  to  the  bulb-tube,  proceeding  from 
the  bulb  towards  the  bend,  so  as.  to  force  all  the  chloride  of  sulphur 
and  the  volatile  metallic  chlorides  to  pass  over  into  E^  or  at  least  to  oc- 
cupy the  end  of  the  bulb-tube. 

llie  apparatus  is  left  undisturbed  a  short  time  longer,  after  which  tbe 
tube  is  cut  off  under  the  bend  at  0,  and  the  separate  end,  which  generally 
contains  a  portion  of  the  volatile  chlorides,  closed  by  inverting  over  it  a 
glass  tube  sealed  at  one  end  and  moistened  inside.  [In  case  a  porcelain 
tray  has  been  used,  this  is  withdrawn  and  the  entire  tube  is  subjected  to 
the  following  treatment.]  The  tube  is  now  allowed  to  stand  24  hours,  to 
allow  the  volatile  chlorides  to  absorb  moisture,  which  will  lender  th<un  solu- 
blein  water  without  generating  heat.  The  metallic  chlorides  in  the  cut-off 
end  of  the  tube  (or  tray)  are  then  dissolved  in  dilute  hydrochloric  acid,, 
the  end  (or  tray)  is  rinsed,  and  the  solution  added  to  the  contents  of  the 
tubes  E  and  F ,  9k  very  gentle  heat  is  now  applied  until  the  free  chlorine 
is  expelled,  and  the  fluid  is  then  allowed  to  stand  until  the  sulphur  has 
-solidified.  The  sulphur  is  filtered  off  on  a  weighed  filter,  washed,  dried^ 
and  weighed.  The  filtrate  is  precipitated  with  chloride  of  barium  (§  132),. 
by  which  operation  the  amount  of  that  portion  of  the  sulphur  is  determin- 
ed which  has  been  converted  into  sulphuric  acid.  The  fluid  filtered  from 
the  sulphate  of  baryta  contains,  besides  the  excess  of  chloride  of  bariums 
added,  also  the  volatile  metallic  chlorides ;  which  latter  are  finally  deter- 
mined in  it  by  the  proper  methods,  which  will  be  found  in  Section  Y. 

The  chloride  remaining  in  the  bulb-tube  is  either  at  once  weighed  as 
such  (chloride  of  silver,  chloride  of  lead),  or  where  this  is  impracticable — 
as  in  the  case  of  copper,  for  instance,  which  r'^mains  partly  as  subchloride^ 
partly  as  chloride — it  is  dissolved  in  water,  hydrochloric  acid,  nitrohydro- 
chloric  acid,  or  some  other  suitable  solvent,  and  the  metal  or  metals  in  the 
solution  are  determined  by  the  methods  already  described,  or  which  will 
be  found  in  Section  V.  To  be  enabled  to  ascertain  the  weight  of  the 
bulb-tube  containing  the  chloride  of  silver  or  chloride  of  lead,  it  is  advisa- 
ble to  reduce  1  he  chlorides  by  hydrogen  gas,  and  then  dissolve  the  me^ali 
in  nitric  acid. 

«,   Oxidation  hy  Oxide  of  Mercv/ry  {after  Bunsen). 

This  method,  which  will  be  fo\ind  in  detail  under  '^  the  detem  inatloa 
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of  sulphur  in  organic  bodies"  (§  186,  a,  4),  is  particularly  suited  to  thf 
estimation  of  sulphur  in  volatile  compounds,  or  in  substances  which 
when  heated  lose  sulphur. 

2.  Methods  in  the  Wet  Way, 

%,    Oxidation  oftlie  Svlphur  by  Acids  yielding  Oxygen,* 

a.  Weigh  the  finely  pulverized  sulphide  in  a  small  glass  tube  sealed 
at  one  end,  and  drop  the  tube  into  a  tolerably  capacious  strong  bottle 
with  glass  stopper,  which  contains  red  fuming  nitric  acid  (perfectly  free 
from  sulphuric  acid)  in  more  than  suflScient  quantity  to  effect  the  decom- 
position of  the  sulphide.  Immediately  after  having  dropped  in  the  tube, 
close  the  bottle.  When  the  action,  which  is  veiy  impetuous  at  lii-st,  has 
somewhat  abated,  shake  the  bottle  a  little ;  as  soon  as  this  operation 
ceases  to  cause  renewed  reaction,  and  the  fumes  in  the  flask  have  con- 
densed, take  out  the  stopper,  rinse  this  with  a  little  nitric  acid,  letting 
the  rinsings  run  into  the  bottle,  and  then  heat  the  latter  gently. 

aa,  Tlie  wliole  of  the  Sulphur  Iiaa  b'een  oxidized,  the  Fluid  is  perfeedy 
de(ir,\ 

Dilute  with  much  water,  and  determine  the  sulphuric  acid  formed  as 
directed  in  §  132.  Do  not  neglect  to  wash  the  precipitate  thoroughly 
with  hot  water,  and  to  ascertain,  after  weighing,  whether  it  is  absolute- 
ly insoluble  in  dilute  hydrochloric  acid.  Separate  the  bases  in  the  fil- 
trate from  the  excess  of  the  salt  of  baryta  by  the  proper  methods,  which 
will  be  found  in  Section  V.  If  any  con«»iderable  amount  of  nitric  add 
has  been  used,  evaporate  the  excess  of  the  same  after  addition  of  some 
nitrate  of  potassa,  before  precipitating  the  sulphuiic  acid. 

hh.    Undissolved  Snlphur  fioats  in  tlie  fluid. 

Add  chlorate  of  potassa  in  small  portions,  or  strong  hydrochloric 
acid,  and  digest  some  time  on  a  water  bath.  This  process  will  often  suc- 
ceed in  dissolving  the  whole  of  the  sulphur.  Should  this  not  be  the 
case,  and  the  undissolved  sulphur  appear  of  a  pure  yellow  coloi-,  dilute 
with  water,  collect  on  a  weighed  filter,  w^ash  carefully,  dry,  and  weigh. 
After  weighing,  ignite  the  whole,  or  a  portion  of  it,  to  asceitain  whether 
it  is  perfectly  pure.  If  a  fixed  residue  remains  (consisting  commonly 
of  quartz,  gangue,  Ac.,  but  possibly  also  of  sulphate  of  lead,  sulphate  of 
baryta,  <fec.),  deduct  its  weight  from  that  of  the  impure  sulphur.  In  the 
filtered  fluid  determine  the  sulphuric  acid  as  in  oa,  calculate  the  sulphur 
in  it,  and  add  the  amount  to  that  of  the  undissolved  sulphur.  If  the 
i*esidue  left  upon  the  ignition  of  the  undissolved  sulphur  contains  an  in- 
soluble sulphate,  decompose  this  as  directed  in  §  132,  and  add  the  sul- 
phur found  in  it  to  the  principal  amount. 

In  the  presence  of  bismuth,  the  addition  of  chlorate  of  potassa  or  of 
hydrochloric  acid  is  not  advisable,  as  chlorine  interferes  with  the  deter- 
nination  of  bismuth. 

/3.  Mix  the  finely  pulverized  metallic  sulphide,  in  a  dry  flask,  by  shak- 
ing, with  powdered  chlorate  of  potassa  (free  from  sulphuiic  acid),  and  add 

*  In  presence  of  lead,  baryta,  strontia,  lime,  tin,  and  antimony,  method  h  ii 
preferable  to  a. 

I  This  can  of  coarse  be  the  case  only  in  absence  of  metals  forming  insolabla 
■alts  with  sulphuric  acid.  If  such  metals  are  present,  proceed  as  in  66,  as  it  if 
in  that  case  less  easy  to  judge  whether  complete  oxidation  of  the  sulphur  bai 
'been  attained. 
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moderately  concentrated  hydrochloric  acid  in  small  portions.  Cover  the 
flask  with  a  watch-glass,  or  with  an  inverted  small  €ask.  When  the 
whole  of  the  chlorate  of  potassa  is  decomposed,  heat  gently,  finally  on  the 
water-bath,  until  the  fluid  smells  no  longer  of  chlorine.  Proceed  now  as 
directed  in  a,  aa^  or  hh  according  to  whether  the  sulphur  is  completely 
dissolved  or  not.  In  the  latter  case  you  must  of  course  immediately  di- 
lute and  filter.  The  oxidation  of  the  sulphur  may  be  effected  also  by  heat- 
ing with  ordinary  nitric  acid  and  chlorate  of  potassa. 

y.  Strong  nitrohydrochloric  acid  is  also  often  used  instead  of  the  oxi- 
dizing agents  named  in  a  and  3 ;  however,  with  this  the  complete  con- 
version of  the  sulphur  into  sulphuric  acid  succeeds  more  rarely. 

h.  Oxidation  of  the  Sulphur  hy  Cidorine  in  Alkaline  Solution  {aftef 
RivoT,  Beudant,  and  Daguin.  Suitable  also  for  determining  the  sul- 
phur in  the  crude  article*). 

Heat  the  very  finely  pulverized  sulphide  or  crude  sulphur,  for  several 
hours  with  solution  of  potassa,  free  from  sulphuric  acid  (which  dissolves 
free  sulphur,  as  well  as  the  sulphides  of  arsenic  and  antimony),  and  then 
conduct  chlorine  into  the  fluid.  This  speedily  oxidizes  the  sulphur ;  the 
sulphuric  acid  formed  combines  with  the  potassa  to  sulphate,  which  dis 
solves  in  the  fluid,  whilst  the  metals  converted  into  oxides  remain  undis- 
solved.  Filter,  acidify  the  alkaline  filti-ate,  and  precipitate  the  sulphuric 
acid  from  it  by  chloride  of  barium  (§  132).  Arsenic  and  antimony  pass 
into  the  alkaline  solution  in  the/orm  of  acids,  but  not  so  lead,  which  is 
converted  into  binoxide,  and  remains  completely  undissolved.  This 
method  is,  therefore,  particularly  suitable  in  presence  of  sulphide  of 
lead.  In  presence  of  sulphide  of  iron,  sulphate  of  potassa  is  formed  at 
first,  and  hydrate  of  sesquioxide  of  iron,  which,  if  the  action  of  the 
chlorine  is  allowed  to  continue,  will  be  converted  into  ferrate  of  potassa. 
As  soon,  therefore,  as  the  fluid  commences  to  acquire  a  red  tint,  the 
transmission  of  chlorine  must  be  discontinued,  and  the  fluid  gQi\t\y 
heated  for  a  few  moments  with  powdered  quartz,  to  decompose  the  ferric 
acid. 

It  occasionally  happens,  more  particularly  in  presence  of  sand,  iron 
pyrites,  oxide  of  copi)er,  &c.,  that  the  process  is  attended  with  impetxi- 
ous  disengagement  of  oxygen,  which  almost  completely  prevents  the 
oxidizing  action  of  the  chlorine.  However,  this  accident  may  be  guarded 
against  by  reducing  the  substances  to  be  analyzed  to  the  very  finest  i>ow- 
der. 

19.    Methods   Based   on  the  Conversion  op  the  Sulphur  into 
Sulphuretted  Hydrogen  or  a  Metallic  Sulphide. 

a.  Th0  determination  of  the  sulphur  in  the  sulphides  of  the  metals  of 
the  alkalies  and  alkaline  earths  soluble  in  water  is  best  effected — pro- 
vided they  are  free  from  excess  of  sulphur — by  I.,  6  or  c.  The  bases  are 
conveniently  estimated  in  a  separate  portion,  which  is  decomposed  by 
evaporation  with  hydrochloric  or  sulphuric  acid,  or — when  none  but 
alkali-metals  are  present — by  ignition  with  5  parts  of  chloride  of  ammo- 
nium in  a  porcelain  crucible.  If  the  said  compounds  contain  excess 
of  sulphur  they  should  be  oxidized  either  by  chlorine  in  alkaline  solu- 
tion, or  treated  according  to  i?,  c,  or  C ;  if  they  contain  hyposulphite  <*i 
snlphite,  proceed  according  to  §  168. 

«  Compt  Bend.  87,  835 ;  Joum.  f.  praV.t.  Chem.  61, 134 
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b.  The  sulphur  contained  in  alkaline  fluids  as  monosulphide  or  hydnv 
sulphate  of  the  sulphide  may  also  be  determined  directly  by  volumetnG 
analysis,  by  means  of  a  standard  ammoniacal  zinc  or  silver  solution.  The 
former  is  added  to  the  solution  of  the  sulphide  of  the  alkali-metal  until  a 
drop  coming  in  contact  with  a  drop  of  alkaline  solution  of  lead  *  on  fil- 
ter paper,  no  longer  produces  a  black  line  (Fr.  MoHBf ).  Or  the  latter 
reagent  is  added  to  the  fluid — previously  mixed  with  ammonia  and 
warmed — till  a  further  addition  of  silver  solution  to  a  filtered  portion 
only  gives  a  trifling  turbidity  (Lestelle).  The  methods  are  especially 
adapted  to  technicsd  purposes^  e,  g,^  for  the  estimation  of  the  sulphide  of 
sodium  in  soda-lyes,  &c. 

THIBD   OBOUP. 
NITBIC  ACII>»— CHLOBIC  ACID. 

§149. 

1.  Nitric  Acid. 

L  Determination, 

Free  nitric  acid  in  a  solution  containing  no  other  acid  is  determined 
most  simply  in  the  volumetric  way,  by  neutrali:;sing  with  a  dilute  solu- 
tion of  soda  of  known  strength  (comp.  Special  Fart,  '^  Acidimetry  ^'). 
The  following  method  also  eflects  the  same  purpose :  Mix  the  solution 
with  baryta  water,  until  the  reaction  is  just  alkaline,  evapoi-ate  slowly  in 
the  air,  nearly  to  dr3mess,  dilute  the  residue  with  water.  Alter  the  solu- 
tion which  has  ceased  to  be  alkaline,  wash  the  carbonate  of  baryta  formed 
by  the  action  of  the  carbonic  acid  of  the  atmosphere  upon  the  exoe^  of 
the  baryta  water,  add  the  washings  to  the  filtrate,  and  determine  in  the 
fluid  the  baryta  as  directed  in  §  101.  Calculate  for  each  1  eq.  baryta  1 
eq.  nitric  acid.  Lastly,  free  nitric  acid  may  also  be  determined  in  a  sim- 
ple manner  by  supersaturating  with  ammonia,  evaporating  in  a  weighed 
platinum  dish,  drying  the  residue  at  110°  to  120°,  and  weighing  the 
kH^  O,  N  Oft  (Schaffgotsch). 

II.  Separation  of  nitric  a,cidfrovn  tike  hoses,  a/nd  determination  of 
the  add  in  nitrates. 

The  determination  of  nitric  acid  in  nitrates  is  an  important  and  occa- 
sionally a  difficult  problem,  which  has  of  late  years  much  occupied  the 
attention  of  chemists.  Before  entering  upon  the  consideration  of  the 
question,  I  would  lay  it  down  as  a  general  rule,  that  whatever  method 
may  be  selected,  it  should  always  first  be  tried  repeatedly  upon  weighed 
quantities  of  a  pure  nitrate,  that  some  familiarity  with  the  details  of 
these  rather  complicated  processes  may  be  acquired.  Considering  the 
great  number  of  methods  that  have  been  proposed,  I  shall  confine  myself 
to  describing  the  simplest  and  the  best. 

a  Metliods  hosed  on  ike  expulsion  of  tke  Add  in  the  Dry  "Way, 

a.  In  salts  of  the  heavy  metals  or  the  earths,  the  determination  of 
nitric  acid  may  be  efiected  by  simple  ignition  of  the  anhydrous  oompoimd 

*  Made  by  mixing  sugar  of  lead,  Bochelle  salt,  and  Bolation  of  soda, 
f  Lehrbuoh  der  Titrirmethode,  2^  Aufl.  879. 


g  U9.]  KITRIC   ACIP.  S2£ 

If  we  aro  certain  that  the  oxides  remain  in  the  same  condition  in  which 
they  were  contained  in  the  decomposed  salt,  the  loss  of  weight  indicates 
at  once  the  quantity  of  nitric  acid  present. 

0.  In  the  dtse  of  nitrates,  whose  residue  on  ignition  has  nd  constant 
composition,  or  by  whose  ignition  the  crucible  is  much  attacked  (alkaline 
and  alkaline  earthy  nitrates),  fuse  the  substance  (which  must  be  anhy- 
drous and  also  free  from  organic  and  other  volatile  bodies)  with  a  non-vola- 
tile flux,  and  estimate  the  nitric  acid  from  the  loss.  Silicic  acid  is  the  best 
flux,  as  it  may  be  readily  procured,  and  the  execution  is  the  most  easy 
and  the  most  cei'tain  to  succeed.  I  shall  describe  the  method  in  ito 
application  to  nitrate  of  potassa  or  soda. 

Fuse  the  latter  at  a  low  temperature,  pour  out  on  to  a  warm  porcelain 
dish,  powder  and  dry  again  before  weighing.  Now  transfer  to  a  plati- 
niun  crucible  2  to  3  grm.  powdered  quartz,  ignite  well  and  weigh  after 
cooling.  Add  about  0*5  grm.  of  the  salt  prepared  as  above,  mix  well, 
and  convince  yourself  by  the  balance  that  nothing  has  been  lost  during 
mixing.  The  covered  crucible  is  then  exposed  to  a  low  red  heat  (just 
visible  by  day)  for  half  an  hour,  and  weighed  after  cooling  with  the 
cover.  The  loss  of  weight  represents  the  quantity  of  nitric  acid.  Sul- 
phates or  chlorides  are  not  decomposed  at  the  given  temperature ;  if  a 
higher  heat  be  applied,  the  latter  may  volatilize.  The  action  of  reducing 
gases  must  be  avoided.  The  test-analyses,  communicated  by  Keicii  *  as  well 
as  those  performed  in  my  own  laboratory,!  g*^"^®  ^^^T  satisfactory  results. 

b.  Jlfelhod  based  on  the  distiUaiion  of  the  Hydrate  of  NitAc  Add, 
All  nitrates  may  be  decomposed  by  distillation  with  moderately  dilute 
sulphuric  acid.  The  nitric  acid  passing  into  the  receiver  may  then  be  de- 
termined, according  to  I.,  volumetrically  or  gravimetrically.  1  to  2  grm. 
of  the  nitrate  should  be  treated  with  a  cooled  mixture  of  1  volume  con- 
centrated sulphuric  acid  and  2  volumes  water.  For  1  grm.  nitre  take  5 
c.  c.  sulphuiic  acid  and  10  c.  c.  water.  The  distillation  may  be  performed 
either  with  a  thermometer  at  160°  to  170°  in  a  paraffin  or  sand-bath 
(duration  of  the  distillation  for  1  to  2  grm.  nitre,  3  to  4  hours),  or  in 
vcuniOy  with  the  use  of  a  water-bath.  The  latter  process  is  the  best.  In 
the  former,  the  neck  of  the  tubulated  retort  (which  is  drawn  out  and 
bent  down)  is  connected  with  a  bulbed  U-tubeJ  containing  a  measured 
quantity  of  normal  soda  or  potassa  solution  (§  ).  The  distillation  in 
vacuo  JDHj  be  conducted,  without  the  use  of  an  air  pump,  according  to 
FiNKSNER,!  as  follows:  transfer  the  measured  quantity  of  water  and 
concentrated  sulphuric  acid  to  the  tubulated  retort,  and  the  necessary 
quantity  of  standard  potassa  or  soda  solution  diluted  to  30  c.  c,  to  a  flask 
wit^  a  narrow  neck  of  about  200  c.  c.  capacity.  Then,  by  means  of  an  india- 
rubber  tube,  connect  the  flask  with  the  retort  air-tight,  so  that  the  drawn- 
OQt  point  of  the  latter  may  extend  to  the  body  of  the  flask,  and — with 
tuWlure  open — ^heat  the  contents  of  the  retort  and  of  the  flask  to  boiling. 
When  the  air  has  been  expelled  from  the  apparatus  by  long  boiling,  trans- 
far  the  salt  (weighed  in  a  small  tube)  to  the  retort  through  the  tubulure, 
(dose  the  latter  immediately,  and  at  the  same  time  take  away  the  lamp. 
Ihe  retort  is  then  heated  with  a  water-bath,  the  flask  being  kept  cooL 

*  Bezg-  nnd  HQttenmaxmiscbe  Zeitschrift,  1861,  No.  21 ;  Zeitschxift  f.  ajuOjt 
OlMm.  1,  86. 
f  Zeitschrift  f.  aaalyt.  Ghem.  1. 181. 
±  The  bulbed  TT-tube  will  be  found  fifi^oied  §  185. 
I  ZeitMhrift  1  analyt.  Ghem.  1,  309. 
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The  quantity  of  iiiiric  acid  that  has  passed  over  is  finally  ascertained  by 
determining  the  still  free  alkali  with  standard  acid.  If  it  is  suspected 
that  all  the  nitric  acid  has  not  been  driven  into  the  receiver  by  one  distil- 
lation, you  may — by  heating  the  flask  and  cooling  the  retort—distil  the 
water  back  into  the  latter,  and  then  the  distillation  from  the  retort  may 
be  repeated.  The  distillate  thus  obtained  is  always  free  from  sulphuric 
acid,  hence  the  results  are  very  exact.  The  base  remains  as  sulphate  in 
the  retort.  In  the  presence  of  chloride  add  to  the  contents  of  the  retort 
a  sufficiency  of  dissolved  sulphate  of  silver,  or — ^when  much  chloride  ia 
present — moist  oxide  of  silver.  The  nitric  acid  is  then  obtained  entirely 
fi'ee  from  chlorine. 

c.  Methods  hosed  on  the  decomposition  of  JSTitrates  hy  Alkalies^  <tc, 

a.  Nitrates,  whose  bases  are  completely  separated  by  caustic  or  car- 
bonated alkalies — ^provided  basic  salts  are  not  precipitated  at  the  same 
time — ^may  be  analyzed  by  simple  boiling  with  an  excess  of  standard 
potassa  or  soda  or  their  carbonates.  After  cooling,  dilute  to  ^  or  ^  litre, 
mix,  allow  to  settle,  draw  off  a  portion  of  the  supernatant  clear  fluid,  de- 
termine the  free  alkali  remaining  in  it,  and  calculate  therefrom  the  amount 
consumed  by  the  nitric  acid.  Hayes  obtained  with  the  nitrates  of  silver 
and  bismuth  good  results ;  but  with  subnitrate  of  mercury  (using  carbon- 
ate of  soda)  the  results  were  not  so  satisfactory.* 

0.  In  nitrates,  whose  bases  are  precipitated  by  hydrate  of  baryta  or 
lime,  or  by  their  carbonates  (or  by  sulphide  of  barium),  the  nitric  acid 
may  be  estimated  with  great  accuracy  by  filtering,  after  precipitation  has 
been  effected,  warm  or  cold,  passing  carbonic  acid  through  the  filtrate,  if 
necessary,  till  all  the  baryta  is  precipitated,  warming,  filtering,  and  deter- 
mining the  baryta  in  the  filtrate  by  sulphuric  acid,  1  eq.  of  the  same  cor- 
responds  to  1  eq.  of  nitric  acid.  [In  case  of  bismuth-salts,  boil  until  the 
separated  oxide  is  perfectly  yellow.    Paige], 

7,  In  many  niti-ates  whose  bases  are  precipitable  by  sulphuretted  hy- 
drogen the  nitric  acid  may  be  determined  according  to  Gibbs  by  adding 
to  the  salt  in  solution  about  its  own  weight  of  some  neutral  organic  salt, 
e,g,y  Rochelle  salt,  and  throwing  down  the  metal  by  HS.  Tlie  filtrate  and 
washings  are  brought  to  a  definite  bulk  and  the  free  acid  is  determined  in 
aliquot  portions  alkalimetrically.f 

d.  Methods  hosed  upon  the  decomposition  of  the  Nitric  Acid  hy  Proto- 
chloride  of  Iron, 

Method  of  Pelouzk|  and  Frssenius.  The  decomposition  is  as  fol- 
lows : 

6  Fe  Cl-f-K  O,  N  0^+4  H  CI  =  4H  0+K  a+3  Fe  CI3+N  0^ 

a.  Select  a  tubulated  retort  of  about  200  c.  c.  capacity,  with  a  long  neck, 
and  fix  it  so  that  the  latter  is  inclined  a  little  upwards.  Introduce  into 
the  body  of  the  retort  about  TS  grm.  fine  pianoforte  wire,  accurately 
weighed,  and  add  about  30  or  40  c.  c.  pure  fuming  hydrochloric  acid. 
Conduct  now  through  the  tubulure,  by  means  of  a  glass  tube  reaching 
only  about  2  cm.  into  the  retort,  hydrogen  gas  washed  by  solution  of 
potassa,  or  pure  carbonic  acid,  and  connect  the  neck  of  the  retort  with  a 
TJ-tube  containing  some  water.  Place  the  body  of  the  retort  on  a  water* 
bath,  and  heat  gently  until  the  iron  is  dissolved.     Let  the  contents  of 

*  H.  Rose,  Zeitschrift  f.  analyt.  Chem.  1,  806. 

f  Am.  Jour.  Sci.  xliv.,  209. 

X  Joom.  f .  prakt.  Chem.  40,  324. 
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the  retort  cool  in  tlio  current  of  hydrogen  gas  or  carbonic  acid ;  increase 
the  latter,  and  drop  in,  through  the  neck  of  the  retort^  into  the  body,  a 
amall  tube  containing  a  weighed  portion  of  the  nitrate  under  examina- 
tion, which  should  not  contain  more  than  about  0*200  grm.  of  nitric 
acid.  After  restoring  the  connection  between  the  neck  and  the  U-tube, 
heat  the  contents  of  the  retort  in  the  water-bath  for  about  a  quarter  of 
an  hour,  then  remove  the  water-bath,  heat  with  the  lamp  to  boiling,  un- 
til the  fluid,  to  which  the  nitric  oxide  had  imparted  a  dark  tint,  shows 
the  color  of  sesquichloride  of  ii'on,  and  continue  boiling  for  some  minuter 
longer.  Care  must  be  taken  to  give  the  fluid  an  occasional  shake,  to 
pi-event  the  deposition  of  dry  salt  on  the  sides  of  the  retort.  Before  you 
discontinue  boiling,  increase  the  current  of  hydrogen  or  carbonic  acid 
gas,  that  no  air  may  enter  through  the  U-tube  when  the  lamp  is  removed. 
Let  the  contents  cool  in  the  cuirent  of  gas,  dilute  copiously  with  water, 
and  deteimine  the  iron  still  present  as  protochloride  by  permanganate 
(see  Note,  p.  198) — 168  of  iron  converted  by  the  nitric  acid  from  the  state 
of  proto-  to  that  of  sesquichloride  correspond  to  54  of  nitric  acid.  My 
test-analyses  of  pure  nitrate  of  potassa  gave  100' 1 — 100*03 — 100*03,  and 
100*05  instead  of  100.*  [The  remaining  sesquioxide  may  also  be  deter- 
mined by  hyposulphite  of  soda,  p.  203,  3  6.]. 

[0,     Schlosing's  method,  t  modified  by  Fruhlikg  and  Grouven.  J 

The  following  method,  employed  by  Schlosing,  more  particularly  to 
defermine  nitric  acid  in  tobacco,  and  which  affords  this  very  important 
advantage,  that  it  may  be  used  in  presence  of  organic  matter,  has  suc- 
cessfully passed  through  the  ordeal  of  numerous  and  searching  expeii- 
ments. 

The  dissolved  nitrate  is  intro- 
duced into  a  flask  of  400  c.  c. 
capacity,  ^.  62,  which  is  con- 
nected, by  means  of  an  india- 
rubber  stopper,  with  a  narrow 
glasii  tube,  a,  which  is  joined  by 
means  of  a  rubber  tube  8  cm. 
long,  w^ith  another  glass  tube 
that  is  again  terminated  at  d^ 
by  a  piece  of  rubber  tube.  At 
c  a  pinch-cock  is  placed.  The 
solution  of  the  nitrate,  which 
must  be  neutral  or  alkaline,  is 
heated  to  boiling,  d  being  sta- 
tioned in  a  beaker  of  water, 
until  the  atmospheric  air  is 
perfectly  expelled  from  the  apparatus.  When  the  vapors  that  pass  over 
completely  condense  in  d,  the  pinch-cock  c  is  closed  and  the  lamp  is 
removed.  Water  immediately  rises  in  the  tube  and  AIIr  it  entirely  tc 
c  Shortly  the  vapora  in  the  fiask  condense,  as  shown  by  the  collapse  of 
the  rubber  tube  at  c.  At  this  moment  the  tube  d  is  removed  from  the 
water  and  dipped  in  a  glass  containing  a  solution  of  protochloride  '>^* 
iron  in  hydrochloric  acid. 

•  AnnaL  d,  Chem.  u.  Pharm.  106,  217. 

!AimaL  de  Ghim.  8  s^r.  torn.  40,  479  ;  Joum.  f.  prakt.  Ghexn.  63,  IIIL 
Yenachs-Stationen,  IX.  14 
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The  piiich-cock  is  cautiously  opened  so  us  to  allow  the  protochlorick 

tc  enter  the  Hahk  slowly.  When  Bu£Ecient  of  the  iron  solution  has  been 
introduced,  the  pinch-cock  ia  closed,  and  d  is  brought  into  a.  vessel  of 
hydrocliloric  acid,  and  portions  of  this  are  made  to  enter  the  flask  in  th( 
saniR  manner  repeatedly  until  the  tubes  are  completely  washed  of  all  pre 
toohloride.  IntheseoperationKjasiQalltheBubBequenttransfers,  it  isneeii 
fill  to  exclude  ail  traces  of  ail',  which  is  easy,  provided  the  dropof  liquid 
that  hangBtot^wheniiiscanied  from  one  liquid  to  another,  is  nut  idlowcti 
to  &11  off.  Finally,  the  tube  is  rinsed  once  by  allowing  boiling  v/atei 
to  recede,  and  then,  the  cock  being  closed,  the  tube  d,  still  full  of  vnter, 
ia  passed  into  the  laseral  tubulnre  of  the  receiver,  fig.  <>3,  which  stajid; 
immersed  in  mercury. 

The  flask  is  again  gently  heated  and  its  contents  iuimediately  boil 
with  violent  thumping.  Tlie  solution  becomes  black,  and  shortly  the 
oollapsed  rubber  tube  at  e  shows  that  there  is  interior  prcssui'e.  As 
soon  as  this  is  evident,  open  the  cock  and  allow  the  nitric  oxide  gm  to 
pass  over  into  the  receiver. 

The  receiver,  fig,  63,  has  a  rough-ground  neck,  which  ia  connected  by 
rubber,  /,  with  a  brass  cock ;  •  the  latter  is  likewise  joined  by  rubber  to 
a.  short  glass  tube,  g.  Into  this  receiver,  the  cock 
being  open,  some  water,  fi-eed  from  air  by  long  boil- 
ing and  cooled  in  a  closed  vessel,  is  introduced  by  a 
tall  funnel-tube  fitted  into  the  tubidtir«,  and  then 
mercury  is  poured  in  vntil  it  fills  the  vessel  up  to 
the  lower  edge  of  the  rubber,/!  Li  this  operation 
the  cock  and  small  tube,  ff,  shoiild  be  overfilled  with 
the  water  previously  added.  Tlie  receivei-  is  (hua  , 
empt^  of  all  air,  and  standR  with  the  tubului-e  cov- 
ered with  mercury,  as  in  fig.  04. 

By  means  of  a  pipette,  having  a  naiTow  robber 

tube  slipped  over  its  tip,  about  TiO  c.  c.  of  thick  and 

I    well-boiled  milk  of  lime  are  passed  into  the  receiver 

through  the  tubulure.    This  is  to  absorb  the  hydro- 

„  chloric  acid  which  boils  over  from  the  Bask,  and  the 

^*'     ■  receiver  is  shaken  to  facilitnt*  the  absorption. 

The  nitric  oxide,  expelled  from  the  flask  by  continual  boiling,  gathers  iu 

the  receiver  in  a  state  of  purity.    Theperiod  of  its  complete  transferisei 

actly  marked  by  the  deposition  of  the  milk  of  lime,  which  is  thrown  int<> 

agitation  by  the  passage  of  a  permanent  gas,  but  quietly  condenses  or 

absorbs  steam  and  hydrochloric  acid.     The  completion  of  the  reaction  is 

also  indicated,  in  case  pure  nitrates  are  employed,  by  the  liquid  in  the 

tlask  aspuming  the  color  of  pure  sesquichloride  of  iron.     Wiicn  dark 

vegetable  extracts  are  under  analysis  this  indication  is  not  offered. 

Should  the  nitric  oxide  come  off  iu  quantity  greater  than  the  receiver 
can  contain  at  once,  the  cocVs  are  closed  and  the  lamp  is  irmoved  from 
under  the  ilask. 

The  receiver  is  then  emptied,  as  b  Bubsequently  described,  charged 
anew  with  water,  mercury,  and  milk  of  lime,  reconnected,  and  the  hoil- 
ing  resumed. 

When  the  nitric  oxide  has  been  completely  collected  in  the  receiver, 

e  proouiod  with  a  gltm  Mof- 
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it  muBt  l>e  tranaTeiTed  to  a  second  flask,  to  be  ODUTerted  into  nitiiv 

This  flask,  fig.  64,  arranged  like  the  one  already  deBcribed,  oootainsat 
first  about  100  c.  c.  of  pura  water,  whiuh  ia  boiled  to  ejtpet  all  atmo- 
R[)bcric  air,  and  while  still  boiling  vigorously  is  connected  with  tha 
receiver  bj  passing  the  end  of  the  tube  x  over  the  glaaa  tube  (/,  of  the 
If  tter.  The  tamp  is  then  reuioved,  and  when  collapse  of  the  rubber  tube 
takes  jilace,  the  brass  stopcock  of  the  receiver  is  slightly  and  cautiously 
opened  and  the  gas  allowed  to  recede  into  the  flask  until  the  milk  of 
Uiue  reaches  the  lower  edge  ofy.  The  cock  is  then  closed  and  the  last 
portions  of  nitric  oxide  are  rinsed  iuto  the  flask  by  passing  into  the 
receiver  &  few  (20-30)  c,  c,  of  pure  hydi-ogen  (waiihed  by  passing  through 
oil  of  vitriol  and  milk  of  lime),  and  allowing  this  to  recede  in  the  same 
way.  Tliis  rinsing  is  repeated  three  or  four  times.  The  rubber  tube 
ia  now  closed  by  a  pinch-cook  at  y,  aJid  disconnected  from  the  receiver. 
It  is  then  united  in  the  same  manner  with  a  gas-holder  containing  pure 
oxygen  under  pressure,  and  the  gas  is  made  to  ent^r  the  flask.  It  is 
absorbed  with  the  appearance  of  i-ed  fumes  and  the  formation  of  nitric 
auid.  After  half  an  hour  or  so,  the  flask  being  occasionally  shaken,  the 
nitric  acid  is  dissolved  in  the  water  of  the  flask,  and  may  be  estimatod 
br  a  Btaadard  alkaline  solution,  §  — . 


Fig.  64. 

FiLt'HLiNO  and  GitouvEir,  who  applied  this  metliod  to  the  estimation 
of  nitrates  in  plants,  extracted  the  dried  vegetable  with  alcohol  of  60 
per  cent,,  evaporated  tl;e  solution  to  a  small  volume,  precipitated  with 
caustic  lime,  and  employed  the  filtrate  for  the  analysis.  For  detail*, 
tee  tbeir  paper,  loc.  etC] 

[«.  Method  baaed  on  llie  conversion  of  t/i«  Citric  Acid  into  Anwiionia. 

If  a  nitr&te  be  placed  cold  in  an  acid,  or  be  heated  in  an  alkaline  fluid 
in  which  nascent  hydrogen  is  evolved  in  sufficient  quantity,  all  the  nitric 
•dd  may  be  converted  into  ammonia,  so  that  from  the  amount  of  th4 
latter  the  quantity  of  the  nitric  acid  may  be  accurately  deduced,  Nesbit* 
VM  the  first  to  arrange  a  method  fur  the  determination  of  our  acid  on  this 

*  Quart  Jonm  Cbem.  Soo.  1,  p.  381. 
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principle.  Aftonrords  Schdlze,*  Habcourt,!  ajid  Siewrrt,J  aiigftested 
processeii  with  the  sams  object.  Nesbit  reduces  with  zinc  in  acid  aolu- 
tion.  Tlie  others  reduce  in  alkaline  uolution,  Schulze  with  jilatiniicJ 
zinc,  Harcourt  and  Sieweht  with  zinc  and  iron  tiliugs. 

To  reduce  0'65  gim.  (10  grains,  of  nitre,  Nesbit  directRto  place  l.'iot 
20  gim.  of  thin  clcaji  fragmentG  of  zinc  in  a  flask  with  some  water. 
From  16  to  20  c.c.  of  hydrochloric  acid,  ap.  gr.  1"17,  are  poured  uut  into 
t,  Bmall  measure,  aud  about  one-tenth  part  is  added  to  the  ziuc  aiid  trater. 
When  efleiTescence  has  fairly  comiueuced,  a  portion  of  the  lutrate,  pi'C- 
viously  dissolved  in  water,  is  added  to  the  mixture.  The  tempemmi'e 
must  be  kept  low,  if  necessajy,  by  placing  the  vessel  in  cold  water.  Af- 
ter a  short  period  a  little  more  acid  is  added,  and  then  a  little  nitrate,  until 
all  the  solution  of  the  nitrate  and  the  washings  are  poured  in  and  uboutoni-- 
fourth  of  the  acid  is  left.  Care  should  be  taken  that  for  the  tirEt  hour  tLc 
effervescence  he  slow.  When  the  whole  of  the  solution  of  the  nitrate  is 
poured  in,  the  remainder  of  the  acid  must  he  added  from  time  to  time,  ri><1 
the  whole  left  until  effervescence  ceases.  The  liquid  is  separated  from  tbe 
undissolved  zinc  which  is  washed  with  the  smallest  quantity  of  wuter,  aud 
the  liquid  is  distilled  with  hydrate  of  lime  or  potash,  and  the  ammonia 
estimated  as  directed  §  99, 3.  Instead  of  distilling  off  tiie  ammonia,  tlie 
acid  solution  is  brought  to  a  volume  of,  say  50  c.c,  and  10  c.  care  Created 
in  the  azotometer  according  to  8  99,  4.  The  results  are  good  if  tliB 
directions  are  followed  strictly.  It  is  especially  needful  not  to  allow  tJie 
reducing  action  to  proceed  too  vigorously,  as  othei-wise  the  mixture  gets 
waiTio  and  binoxide  of  nitrogen  escapes.  A  similar  process  of  reduction 
has  given  good  results  in  the  hands  of  Kboceer  aud  DiET&icii.| 

SiEWERT  employs  to  about  1  grm.  nitre,  4  gtm.  iron  filings  and  8—10 

grm.  zinc-filings,  and  abo  16  giin.  solid  hydrate  of  potassa  and  100  c.  c. 

alcohol,  0'825  sp,  gr.     By  the  use  of  alcohol  the  danger  vf  the  boiling 

fluid  receding  is  got  rid  of.     His  apparatus  consists  of  a  flask  of  300— 3.')0 

c.  c.  ca}>acity  with  evolution  tube,  which  leads  to  the  flasks  represented  in 

fig.65.    The  capacity  of  each  is  150 — 200  c  c. ;  they  contain  normal  acid. 

The  connecting- tube  b  ia  ground  obliquely 

at  both  ends,  c  serves  during  the  operation 

to  hold  a  strip  of  litmus  paper,  and  after 

it  to  enable  the  analyst  to  transfer  the  tl\ud 

from  one  flask  to  the  other  at  will.    After 

the  apparatus  has  been  put  togfither,  the 

disengagement  of  gas  may  be  allowed  to 

go  on  in  the  cold,  or  it  may  be  aesisteil 

from  the  first  hy  a  small  flame.     After  the 

lapse  of  half-an-hour  the  ammonia  formed 

begins  to  pass  over  in  proportion  as  the 

alcohol  distils  off.     As  soon  as  the  latter 

is  fully  removed  from  the  evolution  flsik, 

pig_  Qlj  heat  is   applied  with  great   caution— to 

drive  out  the  last  traces  of  ammonia— till 

steam  appears  in  the  evolution  tube,  or  10 — 16  c.  c  alcohol  are  mpiiilj 

introduced  once  or  twice  into  the  evolution  flask  and  diistilled  oS.    The 

unmonia  is  determined  as  above.     Test-analyses  good. 
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y.  Methods  in  which  Hie  Nitrogen  of  the  Ifitric  Add  is  s^MraUd 
arid  measured  in  tfie  gaseous  form. 

These  methods  are  more  particularly  suitable  for  analyzing  nitrates 
Wfuch  are  decomposed  by  ignition  into  oxide  or  metal  and  oxides  of 
nitrogen ;  they  will  be  found  in  the  Section  on  the  Ultimate  Analysis  of 
Organic  Bodies,  §  184.  Marignac  employed  them  to  analyze  compounds 
of  nitric  acid  with  suboxide  of  mercury.  Bromeis  analyzed  nitiite,  &c., 
of  lead  by  a  similar  method,  recommended  by  Btinsek.  In  cases  where 
it  is  intended  to  determine  the  water  of  the  analyzed  nitrate  in  the  direct 
way,  such  methods  are  almost  indispensable.* 


§150. 

2.  Chloric  Acid. 

I.  Determination. 

Free  chloric  acid  in  aqueous  solution  may  be  determined  by  converting 
it  into  hydrochloric  acid  by  the  agency  of  nascent  hydrogen  (II.,  c), 
and  determining  the  acid  formed,  as  directed  in  §  141 ;  or  by  saturating 
with  solution  of  soda,  evaporating  the  fluid^  and  treating  the  residue  as 
directed  in  II.,  a  or  b. 

II.  /Separation  of  Chloric  Acid  from  the  JSases  and  DeterminO' 

turn  of  the  Add  in  Chlorates, 

€K.  After  BuNSEN.f  When  warm  hydrochloric  acid  acts  upon  chlo- 
rates, the  latter  are  reduced ;  as  this  reduction  is  not  attended  with 
separation  of  oxygen,  the  following  decompositions  may  take  place : — 


6  CI 
5  HCl  15  HO 


CIO  J  ^9        ClOs  is  CIO       CIO5     j|SP      ClOa     jj^^,     CIO5     j 
HCl  I^q"      2HCll3HO        3HC1  1  3  ho      '^  ^^^   (4H0  ^  ^^^   ( 

Which  of  these  products  of  decomposition  may  actually  be  formed, 
-vrhether  all  or  only  certain  of  them,  cannot  be  foreseen.  But  no  matter 
-which  of  them  may  be  formed,  they  all  of  them  agree  in  this,  that,  in 
contact  with  solution  of  iodide  of  potassium,  they  liberate  for  every  1 
oq.  chloric  acid  in  the  chlorate,  6  eq.  iodine.  762  of  iodine  liberated 
correspond  accordingly  to  75 '46  of  chloric  acid.  The  analytical  process 
is  conducted  as  described  §  142,  1. 

6-  After  Sestini.J  To  the  concentrated  aqueous  solution  of  the 
weighed  chlorate  add  a  piece  of  zinc  and  then  some  pure  dilute  sulphuric 
acid  and  allow  to  stand  for  some  time  (with  0*1  grm.  chlorate  of  potassa, 
half  an  hour  is  sufficient).  By  the  nascent  hydrogen  the  chloric  acid  is 
converted  into  hydrochloric  acid,  which,  after  i-emoval  and  rinsing  of  the 
zinc,  is  determined  according  to  §  141.  To  use  the  volumetric  method 
(§  141,  ft,  a),  the  sulphuric  acid  is  first  precipitated  with  niti-ate  of  baryta, 
then  the  zinc  and  excess  of  baryta  with  carbonate  of  soda,  the  liquid  is 
filtered  and  neutralized,  then  chromate  of  potassa  is  added,  and  finally 
itandard  silver  solution. 

*  See  also  Gibbs,  Am.  Joum.  Sci,  xxzvii.  3SQL 

{AnnaL  d.  Chem.  n.  Pharxn.  86,  282. 
Zeitschrift  f.  analyt  Chem.  1,  50a 
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e.  The  bases  are  determined  with  advantage  in  a  separate  portion, 
by  converting  the  chlorate  either  by  very  cautious  ignition,  or  by  warm 
iug  vdth.  hydrochloric  acid  into  chloride. 

The  estimation  of  hypocfdorous  acid  will  be  described  in  the  Specis; 
Fart^  artiole  '*  Ghlorimetry." 


SECTION  V. 

SEPARATION  OF  BODIES. 

§  151. 

In  the  previoos  Section  we  have  considered  the  methods  employed  for 
the  deteimination  of  bases  and  acids,  when  only  one  base  or  one  acid 
is  present.  In  the  present  Section  we  shall  treat  of  the  separation  of 
bodies,  i,  0.,  the  determination  of  the  bases  and  acids,  when  several  bases 
or  acids  are  present. 

The  separation  of  bodies  may  be  effected  in  three  ways,  viz.,  a,  b^ 
direct  anali/ais  /  ft,  by  indirect  analysis  /  c,  by  estimation  hy  difference.  - 

By  direct  analysis^  we  understand  the  actual  separation  of  tl^e  bases 
or  acids.  Thus,  we  separate  potash  from  soda  by  bichloride  of  platinum ; 
copper  from  tin  by  nitric  acid;  arsenic  from  iron  by  sulphuretted  hydro- 
gen ;  iodine  from  chlorine  by  nitrate  of  protoxide  of  palladium ;  phos- 
phoric acid  from  sulphuric  acid  by  baryta ;  carbon  from  nitrate  of  potassa 
by  water,  &c.,  <kc.  In  direct  analysis  we  render  the  body  to  be  esti- 
mated insoluble,  while  the  other  remains  in  solution,  or  vice  versd,  or  we 
volatilize  it,  leaving  the  others  behind,  or  we  effect  actual  separation  in 
some  other  manner.  This  is  the  mode  of  analysis  most  frequently  em- 
ployed.    It  generally  deserves  the  preference  where  choice  is  permitted. 

We  term  an  analysis  indirect^  if  it  does  not  effect  the  actual  separation 
of  the  bodies  we  wish  to  determine,  but  causes  certain  changes  which 
enable  \m  to  calculate  the  quantities  of  the  bases  or  acids  present.  Thus 
the  quaurity  of  potash  and  soda  in  a  mixture  of  the  two  may  be  deter- 
laiiied  by  converting  them  into  sulphates,  weighing  the  latter,  and  esti- 
mating the  sulphuric  acid  (§  152,  3). 

Finally,  if  we  weigh  two  bodies  together,  determine  one  of  them,  and 
subtract  its  weight  from  that  of  the  two,  we  shall  find  the  weight  of  the 
other  body.  In  this  case  the  second  body  is  said  to  be  estimated  by 
difference.  Thus,  alumina  may  be  determined  when  mixed  with  sesqui- 
oxide  of  iron,  by  weighing  the  mixture  and  estimating  the  iron  volu 
metrically. 

Indirect  analysis  and  estimation  by  difference  may  be  employed  in  an 
exceedingly  large  number  of  cases ;  but  their  use  is  as  a  rule  only  to  be 
ree(Mnmended,  where  good  methods  of  true  separation  are  wanting.  The 
special  cases  in  which  they  are  preferable  to  direct  analysis  cannot  be  all 
foreseen;  those  alone  are  pointed  out  which  are  of  more  frequent  occur- 
rence. As  regards  the  calculations  required  in  indirect  analysis  I  have 
given  general  directions  under  the  '*  Calculation  of  Analysis ; "  where- 
ever  it  appeared  judicious,  I  have  added  the  necessary  directions  to  the 
deamption  of  the  method  itselfl 

I  have  retained  our  former  subdivision  into  groups,  and,  as  &r  as 
pnKticable,  systematically  an*anged,  first,  the  general  separation  of  all 

22 
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the  bodies  belonging  to  one  group  from  those  of  the  preceding  groups; 
secondly,  the  separation  of  the  individual  bodies  of  one  group  from  all  or 
from  certain  bodies  of  the  preceding  groups ;  and  finally,  the  separation 
of  bodies  belonging  to  one  and  the  same  group  from  each  other.  I  tliink 
I  need  scarcelAobserve  that  the  general  methods  which  serve  to  se{iarat« 
the  whole  of  We  bodies  of  one  group  from  those  of  another  group,  are 
also  applicable  to  the  separation  of  every  individual  body  of  the  one 
group  from  one  or  several  bodies  of  the  other  group.  It  must  not  be 
understood  that  the  more  special  methods  are  necessarily  in  all  cases 
preferable  to  the  more  general  ones.  As  a  rule  it  must  be  left  to  indi- 
vidual chemists  to  decide  for  themselves  in  each  special  case  which 
method  should  be  adopted.  With  respect  to  the  general  methods  for  se- 
parating one  group  from  another,  I  would  observe  that  those  adduced 
appeared  to  me  more  adapted  to  the  purpose  than  others,  but  still  there 
may  be  other  that  are  equally  suitable,  and  in  special  cases  even  more  so. 
A  wide  field  is  here  open  to  the  ingenuity  of  the  analyst. 

The  methods  given  for  the  separation  of  both  bases  and  acids  are 
generally  based  upon  the  supposition  that  they  are  in  the  free  state,  and 
in  the  form  of  salts  soluble  in  water.  WhensA^  this  is  not  the  case, 
special  mention  is  made  of  the  circumstance. 

.  From  among  the  host  of  proposed  methods,  I  have,  as  far  as  practica- 
ble, chosen  those  which  have  been  sanctioned  by  experience  and  are  dis- 
tinguished for  accurate  results.  In  cases  where  two  methods  were  on  a 
par  with  each  other  as  regards  these  two  points,  I  have  either  given  both, 
or  selected  the  more  simple  one.  Methods  which  experience  has  shown  to 
be  defective  or  fallacious  have  been  altogether  omitted.  I  have  endeavored 
to  point  out,  as  far  as  possible,  the  particular  circumstances  under  which 
either  the  one  or  the  other  of  several  methods  deserve  the  preference. 

Where  the  accuracy  of  an  analytical  method  has  been  established 
already,  in  Section  IV.,  no  further  statements  are  made  on  the  subject 
here.  Paragraphs  of  former  Sections  deserving  particular  attention  are 
I'eferred  to  in  parentheses. 

The  extension  of  chemical  science  introduces  almost  every  day  new 
analytical  methods  of  every  description,  which  are,  rightly  or  wrongly, 
preferred  to  the  older  methods  ;  the  present  time  may  therefore  be  looked 
upon  in  this,  as  in  so  many  other  respects,  as  a  period  of  transition,  in 
which  the  new  strives  more  than  ever  to  overcome  and  supplant  the  old. 
I  make  this  remark  to  show  the  impossibility  of  always  adding  to  the 
description  of  a  method  an  opinion  of  its  usefulness  and  accuracy,  and 
also  to  point  out  the  importance,  under  such  circumstances,  of  a  proper 
systematic  arrangement.  I  have  in  this  Section  generally  aiTanged  the 
various  analytical  methods  upon  the  basis  of  their  scientific  piinciples, 
firmly  persuaded  that  this  will  greatly  tend  to  facilitate  the  study  of  t^e 
science,  and  will  lead  to  endeavors  to  apply  known  principles  to  the  sepa- 
ration of  other  bodies  besides  those  to  which  they  are  already  applied,  or 
to  apply  new  principles  where  experience  has  proved  the  old  ones  fidla- 
oious,  and  the  methods  based  on  them  defective. 

I  conclude  these  introductory  remarks,  with  the  important  caution  to 
t^e  student,  never  to  look  upon  a  separation  as  gucceesfuUy  accompUthed^ 
before  fie  has  convinced  himself  thai  the  weighed  precipitates^  ofrc,  arep%i9tf 
andfree^rom  those  bodies  from  which  it  was  intended  to  separate  them. 
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I.  SEPARATION  OF  THE  BASES  PKOM  EACH  OTHER. 

FIRST  GROUP. 

FOTABSA — BODA — AJIMONIA — (LITHU).* 

§    152. 


Boda  ttota  potasw,  1,  5. 


Ammonia  from  potaaaa,  8,  4. 

•'  "     soda,  3,  4. 

{LiHiia  from  Uie  otber  alkalisB,  6,  7,  8.) 

1.  Methods  bated  upon  the  different  Degrees  of  SolubSil^  ui  Aloohat, 
of  tlte  Double  C'/dorides  of  the  AUctdi  Metals  arid  JUcMoridt 
of  Platinum.) 

a.    FOTASSA  FROM   SODA. 

It  is  an  indispensable  oondition  in  this  method  that  the  two  alkalies     X 
.      ahould  exist  in  the  fonn  of  chlorides.   If,  therefore,  they  are  present  in 
£■     any  othev  form,  they  must  he  first  converted  into  chlorides,  which  in 
\f^  most  cases  may  be  effected  by  evaporation  with  hydrochloric  acid  in 
™    excess ;  in  the  case  of  nitrates  the  evuporntion  with  hyilrochloric  acid 
must  be  repeated  i — 6  times  till  the  weight  of  the  gently  ignited  mass 
ceases  to  diminish.     In  presence  of  siilphuric  acid,  phosphoric  acid, 
and  bocadc  aci<1  J|^  simple  method  will  not  answer.  For  the  methods 
of  separating  tj^^^^lies  from  the  two  latter  acids,  and  converting 
tlicm  into  chtoflh^^  g§  137  and  136.     The  presence  of  sulphuric 
acid  being  a  circunfflBce  of  rather  frequent  occurrence,  the  way  of 
meeting  this  contingency  is  give  I. 

^f         Determinethe  total  quantityc  le  of  sodium  and  chloride 

of  potassium  f  (§§  97,  98),  diasol  1  portion  of  water,  add  an 

excess  of  a  concentrated  neutral  l)ichloride  of  platinum  in 

■  water,  evaporate   on  the  water-  to  dryness  (the  double 

J  rhioride  of  platinum  and  sodixin  lose  its  water  of  crystal- 

lization), treat  the  residue  with  o  )m  '86  to  '87  sp.  gr,,  cover 

the  beaker  or  dish  with  a  glass  plate,  and  allow  to  stand  a  few  hours, 
w^  occasional  stin-iug.      If  the  supernatant  fluid  appears  of  a  deep 
jjHow  color,  this  is  a  proof  that  a  sufficient  quantity  of  bichloride  of 
■?f 'plaJ^mBm  has  been  used  to  precipitate  the  whole  of  the  potassium, 
«*'  ^^^P't^^  precipitate  has  settled,  ponroff  the'clear  fluid  through  a 
J*.  jNffi^ed  filter  and  examine  the  precipitate  most  minutely,  if  necessary, 
V  wit£  the  aid  of  a  microscope.     If  it  is  a  heavy  yellow  powder  (suffi- 
ciently Ini^^fied,  small  octahedral  crystals,  it  is  the  pure  chloride  of 

*  WIUi  regard  to  the  sepamtioa  of  tli*  oxides  of  cffisiom  and  mbtdimn  from  the 
oA«r  alkaliei,  see  WsttK'  Dictionax?  of  Cbemietr?,  1.  p.  1118. 

f  Herer  weigh  the  chlorides  of  the  alkali  metals  before  jon  have  oonvinoed 
jooraeU  of  theij  purity  by  digsolving  them  jn  water,  which  ehotild  give  a  cleai 
■olution,  and  testing  thin  golntion  with  ammonia  and  carbonate  of  ammoniB.  which 
mast  tiirow  downv  precipitate.  It  may  be  thought,  perbapa,  that  a  matter  m 
■inqtle  need  i^  UTmentioned  here ;  still,  I  have  f  onnd  tbat  neglect  in  this  rsopMcl 
b  bj  no  means'imoolBmoa. 
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• 

platinum  and  potassium.*  Then  transfer  it — ^best  with  the  aid  of  the 
filtrate — to  the  filter,  wash  it  w»th  spirit  of  '86  to  '87  sp.  gr.  and 
proceed  according  to  §  97.  If^  on  the  contrary,  white  saline  particles 
(chloride  of  sodium)  are  to  be  seen  mixed  with  the 'yellow  crystalline 
powder,  bichloride  of  platinum  has  been  wanting,  the  whole  of  the 
chloride  of  sodium  not  having  been  completely  converted  into  chlo- 
ride of  sodium  and  platinum.  In  this  case  the  precipitate  in  the  dish 
must  be  treated  with  some  water,  till  all '  the  chloride  of  sodium  is 
dissolved,  a  fresh  portion  of  bichloride  of  platinum  is  added,  the 
whole  evaporated  nearly  to  dryness,  and  the  above  examination  re- 
peated. The  quantity  of  the  soda  is  usually  estimated  by  subtracting 
from  the  united  weight  of  the  chloride  of  sodium  and  chloride  of  potas- 
sium the  weight  of  the  latter,  calculated  from  that  of  the  potassio- 
bichloride  of  platinum. 

To  make  quite  sure  that  the  potassa  has  completely  separated,  it  is 
advisable  to  add  to  the  filtrate  some  water,  some  more  bichloride  of 
platinum,  and,  if  the  quantity  of  soda  is  only  small,  also  some  chloride 
of  sodium  ;  evaporate  .on  the  water-bath  nearly  to  diyness,  at  a  tern- 
peratiii*e  not  exceeding  75^  (Bischof),  and  treat  the  residue  in  the 
manner  just  described.  In  order  to  diminish  the  solvent  action  of  the 
spirit  on  the  chloride  of  potassium  and  platinum,  |  ether  may  be  now 
mixed  with  it.  Should  this  operation  again  leave  a  small  undissolved 
residue  of  chloride  of  {)otassium  and  platinum,  it  is  filtered  off,  best  on 
a  separate  filter,  determined  by  itselil  and  the  number  added  to  the 
principal  aitnount. 

I  prefer  subjecting  the  filtrate  to  this  examination,  to  the  process  of 
evaporating  it  to  dryness,  igniting  the  residue  with  Myition  of  «ome 
oxalic  acid,  or  in  a  current  of  hydrogen,  extractinMWi  water  and 
determining  the  chloride  of  sodium  in  the  solut^wj^ied  ;  since, 
after  aJl,  the  estimation  of  the  soda  here  is  only  aff^enuy  direct :  if 
the  chloride  of  potassium  has  not  completely  sepai'ated,  the  portion 
still  remaining  in  the  filtrate  ^^i^of  course,  be  obtained  now  mixed 
with  the  chloride  of  sodium.  ^^Hlatter  method  can  therefore  only 
afibrd  a  contix>l  to  determine^^^^er  a  loss  of  substance  has  been 


sustained  in  the  operation.  Ic^^^^^  the  process  given  for  the  direct 
determination  of  soda,  the  filn^^Bontaining  the  double  chloride 
of  platinum  and  sodium  may  al^Ke  ■  evaporated  to  dryness  with  - 
addition  of  sulphuric  acid,  the  residue  ignited,  the  sulphate  of  soda 
■  extracted  with  water  and  determined  according  to  §  98,  1  (A.  MiTjp 
schkrlich).  -  ^ . 

Should  the  solution  contain  sulphuric  acid,  it  may  be  in  presence  of  2  • 
hydrochloric  acid  or  of  some  volatile  acid,  convert  the  alkalies  first  into 
neutral  sulphates  (§§  97,  98),  and  weigh  them  as  such.  Dissolve  in  a  • .  . 
little  water,  and  add  an  alcoholic  solution  of  chloride  of  strontium, 
slightly  in  excess.  (The  quantity  of  spirit  of  wine  in  the  fluid  must 
not  be  so  large  as  to  precipitate  chloride  of  sodium  or  chloride  of  potas- 
sium. )  Allow  to  deposit,  filter,  an^  wash  the  sulphhate  of  strontia 
(which  if  weighed  yields  an  exact  control  of  the  analysisr— comf>are 
§  152^  3)  with  weak  spirit  of  wine,  until  the  washings  no  longer  leaTB 

■■■  ■  ■  ■  ■  ■  T  .   ■ 

*  If  small  tesseral  oiyBtais  are  risible  of  a  dark  oraage  y^|pw  color,  and  rela 
fcively  large  size,  and  appearing  transparent  by  transmlfted  liftjfi,  tiiea  the  double 
dbloriile  contains  chloride  of  pkitinum  and  lithium  (Jenascb). 
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a  residue  upon  evaporatiou  on  a  watch-glass ;  evaporate  the  filtrate 
until  the  spirit  of  wine  is  completely  driven  off',  dissolve  the  residue  in 
a  very  small  quantity  of  water,  add  bichloride  of  platinum,  and  proceed 
ae  directed  above.  The  minute  portion  of  chloride  of  strontium  added 
in  excess  dissolves,  either  in  that  form,  or  as  strontio-bichloride  of  pla- 
tinum, together  with  the  sodio-bichloride  of  platinum,  in  spirit  of 
wine- 
Instead  of  this  method,  the  following  process  may  be  resorted  to : — 
Dissolve  the  sulphates  of  the  alkalies  in  water,  and  add  baryta  water, 
free  from  alkali,  as  long  as  a  precipitate  forms ;  allow  to  deposit,  fil- 
ter, wash  the  precipitate,  and  conduct  carbonic  acid  into  the  filtrate, 
to  throw  down  the  excess  of  baryta;  heat  to  boiling,  filter  the  precipi- 
tated carbonate  of  baryta,  wash,  add  hydrochloric  acid  to  the  filtrate, 
and  evaporate  to  dryness. 

Repeated  experiments  have  shown  that  the  process  of  separating 
potaasa  and  soda,  as  described  above,  gives  always  a  little  less  potassa 
than  is  really  present.  If  the  process  is  properly  conducted,  the  loss 
of  potassa  amounts  to  no  more  than  1  per  cent.  X  have  found  that  it 
is  usually  greater  in  cases  where  the  concentrated  solution  of  the  me- 
tallic chlorides  is  mixed  with  bichloride  of  platinum,  and  then  with 
a  rather  large  quantity  of  alcohol.  [See  also  Finkener,  Pogg.  Ann.  . 
xxix.,  p.  637.] 

2.  Jtfsthocla  hosed  upon  the  VdatUity  of  Ammonia  and  its  Scdts. 

Ahmonia  from^soda  and  potassa. 

a.   Hie  salts  of  the  iH^kalies  to  he  separated  contain  the  sams  volar    3 
tile  acidj  and  admit  of  the  total  expulsion  of  their  water  hy  drying  at 
100°,  without  losing  ammonia  (e.  g,y  the  metallic  chloiides). 

Weigh  the  total  mass  of  the  salts  in  a  platinum  crucible,  and 
heat  witii  the  lid  on,  gently  at  first,  but  ultimately  for  some  time 
to  fidnt  redness ;  let  ihe  mass  cool,  and  weigh.  The  decrease  of 
weight  gives  the  quantity  of  the  ammonia  salt.  If  the  acid  present 
is  sulphuric  acid,  you  must,  in  the  first  place,  take  care  to  heat  very 
gradually,  as  otherwise  you  will  suffer*  loss  from  the  decrepitation 
of  the  sulphate  of  ammonia ;  and,  in,  the  second  place,  bear  in  mind 
that  part  of  the  sulphuric  acid  of  the  sulphate  of  ammonia  remains 
with  the  sulphates  of  the  fixed  alkalies,  and  that  you  must  accord- 
ingly convert  them  into  neutral  salts,  by  ignition  in  an  atmosphere 
of  carbonate  of  amnionia,  hefore  proceeding  to  determine  their  weight 
(compare  §§97  and  98).  Chloride  of  ammonium  cannot  be  separated 
in  tlus  manner  from  sulphates  of  the  fixed  alkalies,  as  it  converts 
them,  upon  ignition,  partly  or  totally  into  chlorides. 

h.  Some  one  or  other  of  the  conditions  given  in  a  is  notftUfiUed, 

If  it  is  impracticable  to  alter  the  circumstances  by  simple  means  4 
80  as  to  make  the  method  a  applicable,  the  fixed  alkalies  and  the 
ammonia  must  be  estimated  separately  in  different  portions  of  the 
subetance.  The  portion  in  whidi  it  is  intended  to  determine  the 
soda  and  potassa  is  gently  ignited  until  the  ammonia  is  completely 
expelled.  The  fixed  alkalies  are  converted,  according  to  circum- 
stance's, into  chlorides  or  sulphates,  and  treated  as  directed  in  1  or  5- 
Thti  anunonia  is  estimated,  in  another  portion,  according  to  §  99,  3. 
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3.  Indirect  Method. 

POTASSA   FBOM   SODA. 

Convert  both  alkalies  into  chlorides  (§  97,  2),  and  weigh ;  estimate  5 
the  chlorine  (§  141) ;  and  calculate  the  quantities  of  the  soda  and 
potassa  from  these  data  (see  ^  Calculation  of  Analyses/'  §  197). 

The  indirect  method  of  determining  potassa  and  soda  is  appli- 
cable [whenever  the  mixed  chlorides  can  be  obtained  in  a  state  of 
purity.  It  is  very  accurate  and  expeditious*],  particularly  if  tlie 
chlorine  is  determined  volumetrically  (§  141, 1.,  6). 

Supplement  to  the  First  Choup, 

SEPAilATION   OF   LiTHIA  FROM  THE   OTHER  ALKALIES. 

Lithia  may  be  separated  from  potassa  and  soda  in  the  indirect  6 
way,  or  by  either  of  the  following  two  methods : — 

a.  Treat  the  nitra1;es  or  the  chlorides,  dried  at  120°,  with  a  mix- 
ture of  equal  volumes  of  absolute  alcohol  and  anhydrous  ether,  digest 
at  least  for  twenty-four  hours,  with  occasional  shaking  (the  salts  mast 
be  completely  disintegittted),  decant  on  to  a  filter,  and  treat  the  residue 
again  several  times  with  smaller  portions  of  the  mixture  of  alcohol  and 
ether.  Determine,  on  the  one  part,  the  undissolved  potassa  and  soda 
salts ;  on  the  other,  the  dissolved  lithia  salt,  by  distilling  the  fluid  q%  ^ 
and  converting  the  residue  into  sulphate.  This  method  isapt  to  give  too 
much  lithium,  as  the  potassa  and  soda  salts,  especially  the  chlorides,  are 
not  absolutely  insoluble  in  a  mixture  of  alcohol  and  ether.  The  results 
maybe  rendered  more  accurate  by  treating  the  impure  lithia  salt,  ob- 
tained by  distilling  off  the  ether  and  alcohol,  once  more  with  alcohol 
and  ether,  with  addition  of  a  drop  of  nitric  or  hydrochloric  acid,  add- 
ing the  residue  left  to  the  principal  residue,  and  then  convei-ting  the 
lithia  salt  into  sulphate.  If  the  salts,  which  it  is  intended  to  ti*eat 
with  alcohol  and  ether,  have  been  ignited,  however  so  gently,  caustic 
lithia  is  formed — in  the  case  of  the  chloride  by  the  action  of  water — and 
carbonate  of  lithia  by  attraction  ^f  carbonic  acid  ;  in  that  case,  it  is 
necessary,  therefore,  to  add  a  few  drops  of  nitric,  or,  as  the  case  may 
be,  hydrochloric  acid,  in  the  process  of  digestion.  The  separation  of 
the  chlorides  of  the  alkali  motals  by  a  mixture  of  ether  and  spiiit 
was  originally  recommended  by  Rammelsberg.! 

If  we  have  to  separate  the  sulphates,  they  must  be  converted  into 
nitrates  or  chlorides  before  they  can  be  subjected  to  the  above  method. 
This  conversion  may  be  effected  by  one  of  the  processes  given  in  % 
Instead  of  the  alcoholic  solution  of  chloride  of  strontium  you  may 
use  an  aqueous  solution  of  nitrate  of  strontia  with  addition  of  alcohol. 

5.  "Weigh  the  mixed  alkalies,  best  in  form  of  sulphates,  and  then  deter-  7 
mine  the  lithia  as  phosphate  according  to  §  100.  If  the  quantity  of 
lithia  is  relatively  very  small,  convert  the  weighed  sulphates  into  chlo- 
rides (6),  separate,  in  the  fii-st  place,  the  principal  amount  of  the  po- 
tassa and  soda  by  means  of  alcohol  (§  100),  and  then  determine  tb« 
lithia.  (Mayer  J). 

*  Collier,  Am.  Jour.  ScL  (2)  xxxvii  344. 
\  Pogg.  AnnaL  G<5,  79.  |  Annal  d.  Ghem.  u.  Pharm.  98, 191 
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The  separation  of  lithia  from  ammonia  may  be  effected  like  that    8 
of  potassa  and  soda  from  ammonia  (3  and  4)* 


SECOND   GROUP. 

< 

BABYTA — STRONTIA — ^LIME — MAGNESIA. 

L  Separation  of  the   Oxibes  of  the    Segonb  Group    from 

THOSE   OF   the    FiRST. 

I 

§  153. 

JMkx : — The  Kos.  refer  to  those  in  the  inaiigfin. 
Baryta  from  potassa  and  aoda,  9, 11. 

**        **     ammonia,  10. 
Str&ntia  from  potassa  and  soda,  9,  12. 

*'  *'  ammonia,  10. 

Lime  from  potassa  and  soda,  9,  13. 

**        **    ammonia,  10. 
MagneHa  from  potassa  and  soda,  14 — 19. 
^<  **    ammonia,  10. 

A.   OeTheral  Method. 

1.  The  whole  of  the  Alkaline  Earths  from  Potassa  and 
80DA. 

jRrirhciple :   Carbonate  of  (tmmonia  precipitates,  from  a  solution    9 
containing  chloride  of  armnoniv/m,  ordy  baryta,  strontia,  a/nd  lime. 

Mix  the  solution,  which  contains  the  bases  as  chlorides,  with  a  suffi- 
cient quantity  of  chloride  of  ammonium  to  prevent  the  precipitation  of 
the  magnesia  by  ammonia;  dilute  considerably,  add  some  ammonia,  then 
carbonate  of  ammonia  in  slight  excess,  let  the  mixture  stand  covered  for 
2  hours  in  a  warm  place,  filter,  and  wash  the  precipitate  with  water  to 
which  a  few  drops  of  ammonia  have  been  added. 

The  precipitate  contains  the  baryta,  stroniia,  and  lime/  .the  JUtrate 
the  magnesia  and  the  alkalies.  So  at  least  we  may  assume  in  cases 
where  the  highest  degi*ee  of  accuracy  is  not  required.  Strictly  speaking, 
however,  the  solution  still  contains  exceedingly  minute  traces  of  lime 
and  somewhat  more  considerable  traces  of  baryta,  as  the  carbonates  of 
these  two  earths  are  not  absolutely  insoluble  in  a  fluid  containing  chlo- 
ride of  ammonium ;  the  precipitate  also  may  contain  possibly  a  little 
carbonate  of  ammonia  and  magnesia.  Treat  the  precipitate  according  to 
§  154,  and  the  filti*ate — in  rigorous  analyses — as  follows :  add  3  or  4 
drops  (but  not  much  more)  of  dilute  sulphuric  acid,  then  oxalate  of  am- 
monia, and  let  the  fluid  stand  again  for  1 2  hours  in  a  warm  place.  If  a 
precipitate  forms,  collect  this  on  a  small  filter,  wash,  and  treat  on  the 
filter  with  some  dilute  hydrochloric  acid,  which  dissolves  the  oxalate  of 
lime,  and  leaves  the  sulphate  of  bai'yta  undissolved.  Since  a  little  oxa- 
late of  magnesia  may  have  separated  with  the  former,  add  some  ammo- 
nia to  the  hydrochloric  solution,  filter  after  the  precipitate  has  settled, 
and  mix  the  filtrate  with  the  principal  filtrate. 

Evaporate  the  fluid  containing  the  magnesia  and  the  alkalies  to  dry- 
ness, and  remove  the  ammonia  salts  by  gentle  ignition  in  a  covered 
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crucible,  or  in  a  ftmall  ooTered  dish  of  platimim  or  porcelain.*  In  the 
residue,  separate  the  magnesia  from  the  aJkaliea  by  oiie  of  the  methods 
given  (14-19). 

2.  The  whole  of  the  Alkaxine  Earths  prom  Ammonia. — ^The  same  10 
principle  and  the  same  process  as  in  the  separation  of  potassa  and  soda 
from  ammonia  (3  &ud  4)- 

B.  Special  Methods. 

Single  Alkaline  Earths  from  Potassa  and  Soda. 

1.  Baryta  from  Potassa  and  Soda. 

Precipitate  the  baryta  with  dilute  sulphuric  acid  (§  101, 1,  a),  evap-  H 
orate  the  filtrate  to  dryness,  and  ignite  the  residue,  with  addition  to- 
wards the  end  of  carbonate  of  ammonia  (§  97,  1  and  §  98,  1).     Take 
care  to  add  a  sufficient  quantity  of  sulphuric  acid  to  convert  the  al- 
kalies also  completely  into  sulphates. 

This  method  is,  on  account  of  its  greater  accuracy,  preferable  to 
the  one  in  9,  ^^  cases  where  the  baryta  has  to  be  separated  only  from 
one  of  the  two  fixed  alkalies ;  but  if  both  alkalies  are  present,  the 
other  method  is  more  convenient,  since  the  alkalies  are  then  obtained 
as  chlorides. 

2.  Strontia  from  Potassa  and  Soda. 

Strontia  may  be  separated  from  the  alkalies,  like  baryta,  by  means  12 
of  sulphuric  acid ;  but  this  method  is  not  preferable  to  tiie  one  in  9»  ii^ 
cases  where  the  choice  is  permitted  (corap.  §  102). 

3.  Lime  from  Potassa  and  Soda. 

Precipitate  the  lime  with  oxalate  of  ammonia  (§  103,  2,  5,  a),  evapo- 18 
rate  the  filtrate  to  dryness,  and  determine  the  alkalies  in  the  ignited 
residue.  In  determining  the  alkalies,  dissolve  the  residue,  fireed  by 
ignition  from  the  ammonia  salts,  in  water,  filter  the  solution  fi'om  the 
undissolved  portion,  acidify  the  filtrate,  according  to  circumstances, 
with  hydrochloric  acid  or  sulphuric  acid,  and  then  evaporate  to  dry- 
ness ;  this  treatment  of  the  residue  is  necessary,  because  oxalate  of 
ammonia  partially  decomposes  chlorides  of  the  alkali  metals  upon 
ignition,  and  converts  the  bases  into  carbonates,  except  in  presence 
of  a  large  proportion  of  chloride  of  ammonium.  The  results  are  still 
more  accurate  than  in  9;  except  where  oxalate  of  ammonia  has  been 
used,  after  the  precii)itation  by  carbonate  of  ammonia,  to  remove  tlie 
minute  traces  of  lime  from  the  filtrate. 

4.  Magnesia  from  Potassa  and  SoDA.f 

a,  Jlfei^iods  bcuedupan  the  sparing  solubUit^  of  MagTiesia  in  Waier* 
a.  Make  a  solution  of  the  bases,  as  neuti-al  as  possible,  and  free  from  14 

*  This  operation  effects  also  the  removal  of  the  small  quantity  of  SQlphuric 
acid  added  to  precipitate  the  traces  of  baryta,  as  sulphates  of  the  alkalies  are 
converted  into  chlorides  of  the  alkali  metals  upon  ignition  in  presence  of  a  laig« 
proportion  of  chloride  of  ammonium. 

f  The  methods  a  and  fi  are  suitable  for  the  aepantticmof  magnesia  from  Utlya 
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ammonia  salts  (rt  is  a  matter  of  indiffeTence  whether  the  actd  is  sul- 
phuriCy  hydrochloric,  or  nitric),  add  barytarwateor  as  long  as  a  pre- 
cipitate forms,  heat  to  boiling,  filter  and  wash  the  precipitate  with 
boiling  water.  The  precipitate  contains  the  magnesia  as  hydi^te ;  it 
is  dissolved  in  hydrochloric  acid,  the  baryta  thrown  down  with  sul- 
phuric acid,  anil  the  magnesia  as  phosphate  of  magnesia  and  anuiio- 
nia  (§  104,  2).  The  alkalies,  which  are  contained  in  the  solution, 
according  to  circumstances,  as  chloiides,  nitrates,  or  caustic  alkalies, 
are  separated  from  the  baryta  as  directed  in  9  or  11.  The  method 
gives  good  results,  but  is  rather  tedious. 

3.  Precipitate  the  solution  "with  a  little  pure  milk  of  lime,  boil,  IS 
filter,  and  wash.  Separate  the  lime  and  the  magnesia  in  the  precipi- 
tate according  to  25  or  29 ;  the  lime  and  the  alkalies  in  the  filtrate, 
as  directed  in  9  or  18.  I  am  very  fond  of  employing  this  method 
in  cases  where  tho  magnesia  has  to  be  removed  from  a  fluid  contain- 
ing lime  and  alkalies,  provided  the  alkalies  alone  are  to  be  deter- 
mined. 

7.  Add  to  the  chlorides  pure  oxalic  acid  in  sufficient  quantity  to  16 
convert  all  the  bases  present,  viewed  as  potassa,  into  quadroxalates  ; 
add  some  water,  evaporate  to  dryness  in  a  platinum  dish,  and  ignite. 
By  this  operation  the  dilorides  of  the  alkali  metals  are  partially,  the 
chloride  of  magnesium  completely,  converted  into  oxalates,  which, 
upon  ignition,  give  carbonated  alkalies  and  magnesia.  Treat  the  resi- 
due repeatedly  with  small  quantities  of  boiling  water ;  during  this 
washing  the  precipitate  may  be  transferred  to  the  filter  or  remain  in  the 
dishj  no  matter  which.  When  all  the  alkali  salt  is  washed  out,  dry  the 
filter,  burn  it  in  the  dish,  ignite  strongly,  and  weigh  the  magnesia.  If 
the  solution  looks  a  little  turbid,  evaporate  to  dryness,  treat  the  resi- 
due with  water,  and  filter  ofi*  the  trifiing  amount  of  magnesia  still  re- 
maining ;  add,  finally,  hydrochloric  acid  to  the  filtrate,  and  determine 
the  alkalies  as  chlorides. 

If  the  bases  are  present  in  form  of  sulphates,  add  to  the  boiling  17 
solution  chloride  of  barium,  until  the  formation  of  a  precipitate  just 
ceases,  evapoi-ate  the  filtrate  with  an  excess  of  oxalic  acid,  and  proceed 
as  in  16«     Separate  the  carbonate  of  baryta,  which  remains  mixed 
with  magnesia,  from  the  latter,  as  directed  22* 

We  owe  these  methods  to  Mitscherlich,  and  the  description  of  18 
them  to  Lasch.*     I  can  add  my  own  testimony  to  the  accuracy  of 
the  results.     Still  the  weighed  alkali  salt  should  always  be  tested 
with  phos]Hiate  of  soda  and  ammonia  for  magnesia.    Usually  a  weigh- 
able  precipitate  is  produced  which  cannot  be  passed  over. 

The  method  described  in  16  may  also  be  successfully  employed 
with  nitrates,  for  which  it  is,  indeed,  specially  recommended  by 
DEViLLE.f  Carbonic  acid  and  nitrous  acid  are  evolved  in  the  prooeas 
of  evaporation* 

J.  PrecipitcUum  of  Magnesia  as    Carbonate  of  Ammonio' 
Magnesia, 

Mix  the  solution  of  sulphates,  nitrates,  or  chlorides  (it  must  be  very  19 
ooncentrated)  with  an  excess  of  a  concentrated  solution  of  sesquicarbo- 


«  J«iim.  1  pcakt  Chem.  63,  34S.  f  ^^hi^  <^>  ^'^' 
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uate  of  ammonia  in  water  and  ammonia  (230  grm.  of  the  salt,  180 
c.  c.  solution  of  ammonia  sp.  gr.  0*92,  and  water  to  1  litre).  After 
twei:.ty-foiir hours  filter  ofi'the  precipitate  (MgO,  COa  4-  NH^  0,C(),-f- 
4  aq.),  wash  it  with  the  solution  of  caustic  and  carbonated  ammonia 
used  for  the  precipitation,  dry,  ignite  strongly  and  for  a  sufficient 
length  of  time,  and  weigh  the  magnesia.  Evaporate  the  filtrate  to 
dryness,  keeping  the  heat  at  first  under  100^,  expel  the  ammonia 
salts,  and  determine  the  alkalies  as  chlorides  or  sulphates.  When  soda 
alone  is  present  the  results  ai'e  satisfactory.  In  the  presence  of  [K)taa8a 
the  ignited  magnesia  must  be  extracted  with  water,  before  weigh- 
ing, as  it  contains  an  appreciable  quantity  of  carbonate  of  potassa ; 
the  washings  are  to  be  added  to  the  principal  filtrate.  This  last  mea- 
sure is  unnecessary  in  the  absence  of  potassa.  Results  satisfactory ; 
the  magnesiir  is  a  little  too  low.  Mean  eiTor  -p^  (F.  G.  Schaj F- 
GOTSCH,*  H.  Weber  f). 

IL  Separation  of  the  Oxides  of  the  Second  Gboup  fbom 

EACH  OTHER. 

§  154. 

Index  .'—The  Nos.  refer  to  those  in  the  mazgin. 

Baryta  from  strontia,  21,  24,  82. 

"  lime,  21,  28,  24,  32. 

*'  magneaia,  20,  22. 

Btrontia  from  baryta,  21.  24,  82. 

"         •  lime,  28,  31. 

**  magnesia.  20,  22, 

XcflVM  from  baiyta,  21,  28,  24,  82. 
"         Btrontia,  28,  81, 
'*         magnesia,  20.  25,  26,  27,  29,  80. 
Jfagnma  from  baryta,  20.  22. 

**  Btrontia,  20,  22. 

"  lime,  20,  26, 26,  27,  29,  SO. 

A.  General  Method. 

THE  WHOLE   OP  THE   ALKALINE   EARTHS   FROM  EACH  OTHEll, 

Proceed  as  in  9-  The  magnesia  is  precipitated  from  the  filti  ate  20 
with  ph()S[>liate  of  soda.  The  i)recii)itated  carbonates  of  the  baryta, 
strontia,  and  lime,  are  dissolved  in  hydrochloric  acid,  and  the  bases 
separtaed  as  dirtjctcd  in  21-  The  traces  of  magnesia,  which  may  be 
present  in  tlie  carbonate  of  ammonia  precipitate,  are  obtained  by  eva- 
porating the  iiltmte  from  the  sulphate  of  strontia  or  lime  to  dryness, 
taking  up  the  residue  with  water  and  precipitating  the  solution  "with 
phosphate  of  soda  and  ammoniat 

B.  Special  MetJiode. 

1.  Metlvoda  boused  vpon  the  Insotuhility  of    Siiicq/litoride  of 
J^arium. 

Baryta  from  Strontia  and  from  Lime. 

Mix  the  neutral  or  slightly  acid  solution  with  hydrofluosilicic  acid  1 81 

»  ■  ^—^"^  1 1 1  -■  -         ■  I    ...  .1... 

•  Pogg.  Annal.  104,  482.  f  Vierteljahraschrift  t  prakt  Phaim.  8, 161. 

X  If  not  kept  in  a  gatta-p«Tcha  bottle  it  should  be  freely  prepared. 
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in  excess,  add  a  volume  of  spirit  of  wine  equal  or  somewliat 
inferior  to  that  of  the  fluid  (H.  Rose),  let  the  miicture  stand  twelve 
hours,  collect  the  precipitate  of  atlicojfltcoride  of  harimn  on  a 
weighed  filter,  wash  with  a  mixture  of  equal  psurts  of  water  and 
spirit  of  wine,  until  the  washings  cease  to  show  even  the  least  ti*ace 
of  acid  reaction  (but  no  longer),  and  dry  at  100°.  Precipitate  the 
strontia  or  lime  fi*om  the  filtrate  by  dilute  sulphuiic  acid  (§  102,  1, 
a,  and  §  103,  1,  a).  The  results  are  satisfactory.  For  the  pro- 
perties of  silicofluoride  of  barium,  see  §  71.  If  both  strontia  and 
lime  are  present,  the  sulphates  are  weighed,  converted  into  cai*- 
bonates  (§  132,  II.,  6),  and  the  two  bases  then  separated  as  directed 
in  81. 

2.  Methods  based  upon  the  Insolubility  of  SuipJiate  of  HarytOy 

or  Svlpliate  of  Strontia^  as  the  case  may  6e,  in  uxUer  and 
in  Solution  of  Hyposulphite  of  Soda, ' 

Ob  Baryta  and  Strontia  from  Magnesia. 

Precipitate  the  baryta  and  strontia  with  sulphuric  acid  (§  101,  1,22 
a,  and  §  102, 1,  a),  and  the  magnesia  from  the  filtrate  with  phosphate 
of  soda  and  ammonia  (§  104,  2). 

b.  Baryta  from  Lime. 

Mix  the  solution  with  hydrochloric  acid,  then  with  highly  dilute  28 
sulphuric  acid  (1  part  acid  to  300  water),  as  long  as  a  precipitate 
forms ;  allow  to  deposit,  and  determine  the  sulphate  of  baryta  as 
directed  in  §  101,  1,  a.  Concentrate  the  washings  by  evapoi^ation, 
and  add  them  to  the  filtrate,  neutralize  the  acid  with  ammonia,  and 
precipitate  the  lime  as  oxalate  (§  103,  2,  6,  a).  The  method  is  prin- 
cipally to  be  recommended  when  small  quantities  of  baryta  have  to 
be  separated  from  much  lime.  If  we  have  to  separate  sulphate  of 
lime  from  sulphate  of  baryta  the  salts  may  (in  the  absence  of  free 
acids)  be  treated  repeatedly  with  a  solution  of  hyposulphite  of  soda 
at  a  gentle  heat.  Jhe  sulphate  of  baryta  remains  undissolved,  the 
sulphate  of  lime  dissolves.  The  lime  is  precipitated  from  the  filti*ate 
by  oxalate  of  ammonia  (Diehl*). 

3.  Method  hosed  upon  the  different  deportment  with  Carbonated 

Alkalies  of  Sidphate   of  JBaryta  on  tJie  one   Jiand,   and 
Sulphates  of  Strontia  and  lAme  on  the  otiier. 

Baryta  from  Strontia  and  lime. 

Digest  the  precipitated  sulphates  of  the  three  bases  for  twelve  24 
hours,  at  the  common  temperature  (15 — 20^),  with  frequent  stirring, 
with  a  solution  of  carbonate  of  ammonia,  decant  the  fluid  on  to  a 
filter,  treat  the  residue  repeatedly  in  the  same  way,  wash  finally  wii;h 
water,  and  in  the  still  moist  precipitate,  separate  the  undecomposed 
sulphate  of  baryta  by  means  of  cold  dilute  hydrochloric  acid  from 
the  carbonates  of  strontia  and  lime  formed.  To  hasten  the  separa 
tion  you  may  boil  the  sulphates  for  some  time  with  a  solution  of 
carbonate  of  potassa  (not  soda),  t'O  which  ^  the  amount  o.'  the  car- 

*  JoQxn.  1  prukt  Ghem.  79,  30. 
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bonate,  or  more,  of  sulphate  of  pota^isa  has  be^i  addfed.  Bj  tibis 
process  also  the  sulphates  of  strc»itia  and  lime  are  decomposed,  the 
sulphate  of  baijyta  remaining  unacted  on.  If  the  bases  are  in  solu- 
tion, the  above  solution  of  carbonate  and  sulphate  of  potassa  is 
added  in  excess  at  once,  and  the  whole  boiled.  The  precipitate,  con- 
sisting of  sulphate  of  baryta  and  carbonates  of  strontia  and  lime,  is 
to  be  treated  as  above  with  cold  hydrochloric  acid  (H.  Rose  *). 

4.  Method  hosed  on  tJis  Insolubility  of  Sulphate  of  Lims  in 

Alcolwl, 

[Lime  from  Maokesia. 

a.  Evaporate  the  hydrochloric  solution  nearly  to  dryness,  treat  25 
the  residue  with  strong  alcohol  until  it  is  dissolved.  Add  to  the 
solution  a  slight  excess  of  concentrated  sulphuric  acid  and  let  stand 
several  hours.  The  precipitate,  containing  all  the  lime  and  some  of 
the  magnesia  as  sulphates,  is  transferred  to  a  filter  with  the  aid  of 
strong,  nearly  absolute,  alcohol  and  washed  with  the  same  until  the 
washings  cease  to  react  acid  to  test  paper.  After  all  free  acid  is  thus 
removed,  continue  the  washing  with  alcohol  of  35 — 40  per  cent,  as 
long  as  any  solid  matters  are  extracted.  The  lime  all  remains  on  the 
filter  and  is  weighed  as  sulphate,  the  magneaia  is  all  found  in  the 
filtrate  and  washings,  from  which,  after  evaporating  ofif  the  alcohol, 
it  is  thrown  down  as  ammonio-phosphate.  Excellent  method  (A. 
CniZYNSKif).] 

h.  Small  quantities  op  Lime  from  much  Magnesia.  Convert  26 
the  bases  into  neutral  sulphates,  dissolve  the  mass  in  water,  and  add 
alcohol  with  constant  stirring,  till  a  slight  pennanent  turbidity  is 
produced.  Wait  a  few  houra  and  then  filter,  wash  the  precipitated 
sulphate  of  lime  with  alcohol,  which  has  been  diluted  with  an  equal 
volume  of  water,  and  determine  it  after  §  103,  1,  b  (in  which  case 
the  weighed  sulphate  must  be  tested  for  magnesia),  or  dissolve  the 
precipitate  in  water  containing  hydrochloric  acid  and  separate  the 
lime  from  the  small  quantity  of  magnesia  possibly  coprecipitated 
according  to  29  (ScHEERERt). 

[c.  Li  presence  of  phosphoric  acid,  evaporate  flie  hydrochloric  27 
acid  solution  to  dryness,  add  strong  alcohol  to  tbe  residue,  then  mode- 
rately strong  sulphuric  acid,  and  treat  as  in  a.  The  lime  is  separsited 
as  pure  sulphate.  The  filtrate,  after  evaporating  of  the  alcohol,  is 
divided  into  two  portions.  In  one  magnesia  is  precipitated  by  addi- 
tion of  chloride  of  ammonium,  ammonia,  and  phosphate  of  soda 
(§  104,  2) ;  from  the  other  throw  down  phosphoric  acid  by  means  of 
magnesia  solution  (§  134,  6,  a).] 

5.  Method  based  on  tftie  InsolvhUity  of  Sulphate  of  Strontia  in 

Solution  of  Suiphute  of  Amsnania, 

Stroktia  from  Lime.  If  the  mixtiire  is  soluble,  dissolve  in  the 
smallest  quantity  of  water,  add  about  50  times  the  quantity  of  the 
substance  of  sulphate  of  ammonia  dissolved  in  four  times  its  wei^t 
of  water,  and  either  boil  for  some  time  with  renewal  of  the  water  that 
evaporates  and  addition  of  a  very  little  ammonia  (as  the  solution  of 
Bulphate  of  ammonia  becomes  acid  on  boiling),  or  allow  to  stand  at 

♦  Pogg.  Annal.  xcv.  286,  209,  427.  +  Fres.  Zeiteohrift,  iv.  d4& 

X  Annal.  d.  Ch/>m.  u.  Pharm.  110,  287. 
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the  ordinary  temperature  for  twelve  hours.  Filter  and  iraah  the  pre- 
cipitate, wMch  consists  of  sulphate  of  strontia  and  a  little  sulphate  of 
strontia  and  anuuonia  with  a  concentrated  solution  of  sulphate  of  am- 
monia till  the  washings  remain  clear  on  addition  of  oxalate  of  am- 
monia. The  precipitate  is  cautiously  ignited,  moistened  with  a  little 
dilute  sulphuric  acid  (to  convert  the  small  quantity  of  sulphide  of 
strontium  into  sulphate),  and  weighed.  The  highly  dilute  hltrate  is 
precipitated  with  oxalate  of  ammonia,  and  the  lime  deteiinined  ac- 
cording to  §  103, 2,  6,  a.  If  you  have  the  solid  sulphates  to  analyze, 
they  are  very  finely  powdered  and  boiled  with  concenti^ated  solution 
of  sulphate  of  ammonia  with  renewal  of  the  evaporated  water  and  addi- 
tion of  a  little  ammonia.  Kesults  very  close,  e,g.,  1*048  SrO,  NOa 
instead  of  l-0r>3,  and  0497  CaO,  C0„  instead  of  *0'504  (H.RosB*). 

6.  Metliods  based  upon  tfts  InsoluhUity  of  Oxalate  of  I*ime  in 
Chloride  of  AmTnonium  and  in  Acetic  Add. 

Lime  from  Magnesia. 

a.  Mix  the  properly  diluted  solution  with  sufficient  chloride  of  am-  20 
monium  to  prevent  the  formation  of  a  precipitate  by  ammonia,  which 
is  added  in  slight  excess ;  and  oxalate  of  ammonia  as  long  as  a  preci- 
pitate forms,  then  a  further  portion  of  the  same  reagent,  about  suffi- 
cient to  convert  the  magnesia  also  into  oxalate  (which  i-emains  in  solu- 
tion). This  excess  is  absolutely  indispensable  to  insure  complete  precip- 
itation of  the  lime,  as  oxalate  of  Hme  is  slightly  soluble  in  solution  of 
chloride  of  magnesium  not  mixed  with  oxalate  of  ammonia  (Expt. 
No.  92).  Let  the  mixture  stand  twelve  hours  in  a  moderately  warm 
place,  decant  the  supernatant  clear  fluid,  as  ^r  as  practicable,  from 
the  precipitated  oxalate  of  lime,  mixed  with  a  little  oxalate  of  mag- 
nesia, on  to  a  filter,  wash  the  precipitate  once  in  the  same  way  by  de- 
cantation,  then  dissolve  in  hydrochloric  acid,  add  water,  then  ammo- 
nia in  slight  excess,  and  a  little  oxalate  of  ammonia.  Let  the  fluid 
stand  unUl  the  precipitate  has  completely  subsided,  then  pour  on  to 
the  previous  filter,  transfer  the  precipitate  finally  to  the  latter,  and 
proceed  exBcilj  as  directed  §  103,  2,  5,  a.  The  first  filtrate  contains 
the  larger  portion  of  the  magnesia,  the  second  the  remainder.  Eva])- 
orate  the  second  filtrate,  acidified  with  hydrochloric  acid,  to  a  small 
volume,  then  mix  the  two  fluids,  and  precipitate  the  magnesia  with 
phosphate  of  soda  as  directed  §  104,  2.  If  the  quantity  of  ammonia  . 
salts  present  is  considerable,  the  estimation  of  the  magnesia  is  ren- 
dered more  accurate  by  evaporating  the  fluids,  in  a  large  platinum  or 
silver  dish,f  to  dryness,  and  igniting  the  residuary  saline  mass,  in 
small  portions  at  a  time,  in  a  smaller  platinum  dish,  until  the  ammo- 
nia salts  are  expelled.  The  residue  is  then  treated  with  hydrochloric 
acid  and  water,  heat  applied,  the  fluid  filtered  |  and  finally  precipitated 
with  ammonia  and  phosphate  of  soda. 

Numerous  experiments  have  convinced  me  that  this  method,  which 
is  so  frequently  employed,  gives  accurate  results  only  if  the  forgoing 
instmctions  are  strictly  complied  with.     It  is  only  in  cases  where  the 

*  ^^•gg'  ibmal.  110,  2^6. 

f  ▲  poreelain  dish  does  not  answer  ao  well  (see  Expk  No.  3). 
%  U  the  psoceas  of  evaporation  has  been  conducted  in  a  sUvec  veMel,  a  littU 
ehloride  of  silyer  wUl  often  separate. 
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qiiantity  of  magnesia  present  is  relatively  small,  that  a  single  precipi- 
tation with  oxalate  of  anmionia  may  be  found  sufficient  (comp.  Ezpt 
No.  93). 

6.  In  the  case  of  lime  and  magnesia  combined  with  phosphoric  8C 
acid,  dissolve  in  the  least  possible  quantity  of  hydrochloric  acid,  add 
ammonia  until  a  copious  precipitate  foims ;  redissolve  this  by  addi- 
tion of  acetic  acid,  and  precipitate  the  lime  from  the  solution  with 
an  excess  of  oxalate  of  ammonia.  To  determine  the  magnesia,  pre- 
cipitate the  filtrate  with  ammonia  and  phosphate  of  soda.  As  free 
acetic  acid  by  no  means  prevents  the  precipitation  of  small  quantities 
of  oxalate  of  magnesia,  the  precipitate  contains  some  magnesia,  and, 
as  oxalate  of  lime  is  not  quite  insoluble  in  acetic  acid,  the  filtrate 
contains  some  lime ;  these  two  sources  of  error  compensate  each  other 
in  some-nieasiire.  In  accurate  analyses,  however,  these  trifling  admix- 
tures of  magnesia  and  lime  are  afterwards  separated  from  the  weighed 
precipitates  of  carbonate  of  lime  and  pyrophosphate  of  magnesia  re- 
spectively. 

7.  Indirect  Method. 

Strontia  from  Like. 

Determine  both  bases  first  as  carbonates,  precipitating  them  either  81 
with  carbonate  or  with  oxalate  of  ammonia  (§§  102,  103) ;  then  esti- 
mate the  amount  of  carbonic  acid  in  them,  and  calculate  the  amount 
of  strontia  and  of  lime  as  directed  in  §  197.  The  determination  of 
the  carbonic  acid  may  be  eftected  by  fusion  with  vitrified  borax 
(§  139,  II.,  c),  but  the  application  of  a  modei*ate  white  heat,  such  as 
is  given  by  a  good  gas  blast-lamj)  without  the  use  of  a  cinicible  jacket, 
is  alone  sufficient  to  drive  out  all  the  carbonic  acid  from  both  the 
carbonates  (F.  *G.  Schaffgotsch  *).  I  can  strongly  recommend  this 
method.  It  is  well  to  precipitate  the  carbonates  hot,  to  press  the  pre- 
cipitate cautiously  down  in  the  platinum  crucible  and  turn  over  the 
agglomerated  cake  every  now  and  then  till,  after  repeated  ignitions, 
the  weight  has  become  constant.  The  results  are  good,  if  neither  of 
the  bases  is  present  in  too  minute  quantity. 

The  indirect  separation  may  of  course  be  effected  by  means  of  88 
other  salts,  and  can  be  used  also  for  the  determination  of  lims  ik 

PRESENCE  OF  BARYTA  Or  of  BARYTA  IN  PRESENCE  OF  STRONTIA.   In  the 

expulsion  of  carbonic  acid  from  carbonate  of  baryta  vitiified  borax 
must  be  used  (§  139,  II.,  c). 

THIRD    GROUP. 

Alumina — Sesquioxidb  of  CHBOMimc. 

L  Separation  of  the  Oxides  of  the  Third  Group  froic 

THE  Alkalies, 

§  165. 

1.  From  Ammonia* 

a.    Salts   of  alumina  and  of  sesquioxide  of  chromium  may  be  83 
separated  from  salts  of  ammonia  by  ignition.      However,  in  the 

*  Fogg.  AnnaL  118,  615. 
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case  of  alumina,  this  method  is  applicable  only  in  the  absence  of 
chlorine  (volatilization  of  chloride  of  aluminium).  The  safest  way, 
therefore,  is  to  mix  the  compound  with  carbonate  of  soda  before 
igniting. 

b.  Determine  the  ammonia  by  one  of  the  methods  given  in  §  99,  3,84 
using  solution  of  potassa  or  soda  to  e£fect  the  expulsion  of  the  am- 
monia.    The  alumina  and  sesquioxide  of  chromium  are  then  deter- 
mined in  the  residue  in  the  same  way  as  in  86* 

2.  Fboh  Potassa  and  Soda. 

a.  Precipitate  and  determine  the  sesquioxide  of  chromium  and  86 
alumina  as  directed  in  §  105,  a,  and  §  106,  a.     The  filtrate  contains 
the  alkaUes,  which  are  then  freed  from  the  salt  of  ammonia  formed, 

by  eva|>oration  to  dryness  and  ignition. 

b,  Alumirha  may  be  separated  also  from  potassa  and  soda,  by  heat-  86 
ing  the  nitrates  (see  88)* 

IT.  Sbpabation  of  the  Oxides  op  the  Third  Group  prom  the 

Alkaline  Earths. 

§156. 

Ind^  : — The  Noa.  refer  to  those  in  the  maxglo. 

Alumina  from  baryta,  87,  42,  48. 

'*        strontia,  87,  43,  48. 

"        lime,  87,  43,  44,  45,  48. 

*'        magnesia,  37,  42,  45,  46. 
SetquUmde  of  chromium  from  the  alkaline  earths,  47,  48. 

Separation  op  Alumina  from  the  Alkaline  Earths. 

A.  General  Methods. 

ToB  whole  of  the  Alkaline  Earths  from  Alumina* 

1.  precipitation  of  Alumina  by  Ammoniay  and  its  Solution  in 
Soda, 

Mix  the  moderately  dilute  hot  solution  (preferably  in  a  platinum  87 
dish)  with  a  tolerable  quantity  of  chloride  of  ammonium,  if  such  be  not 
already  present,  add  ammonia  in  moderate  excess,  and  boil  till  no 
more  free  ammonia  is  observable.  Under  these  circumstances,  a  little 
magnesia,  and  also  a  small  quantity  of  carbonate  of  lime,  baryta,  or 
fltrontia  are  at  first  precipitated  along  with  the  alumina ;  on  the  boil- 
ing with  chloride  of  ammonium,  the  coprecipitated  alkaline  earths  re* 
dissolve,  so  that  the  alumina  finally  retains  only  an  unweighable  or 
scarcely  weighable  trace  of  magnesia.  Allow  to  deposit,  and  proceed 
with  the  alumina  determination  according  to  §  105,  a.  After  it  has 
been  weighed  fuse  it  for  a  long  time  with  bisulphate  of  potassa,  dis- 
solve the  fused  mass  in  water,  and  determine  any  silicic  acid  *  that 
may  remain.  The  solution,  when  mixed  with  potassa  in  excess,  will 
not  appear  perfectly  clear,  but  will  contain  a  few  flocks  of  magnesia. 
If  there  is  any  amount  of  the  latter,  filter  it  off,  dissolve  in  nitiic  acid, 

*  A  small  quantity  will  alwaji  be  found  if  yon  have  boiled  in  a  glass  or  pov> 
eelain  vesseL 


dM  ntPARATION.  f  g  156 

precipitate  wi(.li  ammonia^  boil  till  the  fluid  ceases  to  smell  of  am- 
moma^  filter,  evaporate  tke  small  quantity  of  fluid  in  a  platinum  cap 
sule,  ignite,  weigh  the  residual  magnesia,  deduct  it  from  the  alumina 
and  add  it,  on  the  other  hand,  to  the  principal  quantity  of  the  mag- 
nesia. In  order  to  the  further  sepajration  of  the  alkaline  earths, 
acidify  the  fluid  containing  them  with  hydrochloric  acid,  evaporate 
(preferably  in  a  platinum  dish)  to  a  small  bulk,  and  while  still  warm 
add  ammonia  just  in  excess.  A  small  precipitate  of  alumina  is  some- 
times formed  at  this  stage ;  filter  ofl*,  wash  and  weigh  with  the  prin- 
cipal precipitate.  In  the  filtrate  determine  the  alkali|ie  earths  ac- 
•v)rding  to  §  154* 

2.  Uneqitcd  DecomjyoBohiiUy  of  the  Nitratea  at  a  Moderate  HeaA 

(Deville*). 

To  make  this  simple  and  convenient  method  applicable,  the  bases  88 
must  be  pi-esent  as  pure  niti-ates.  Evaporate  to  dryness  in  a  plati- 
num dish,  and  heat  gradually,  with  the  cover  on,  in  the  sand-  or  air- 
bath — or,  better  still,  on  a  thick  iron  disk,  with  two  cavities,  one  for 
the  platinum  dish,  the  other,  filled  with  brass  filings,  for  the  thermo^ 
meter — to  from  200°  to  250®,  until  a  glass  rod  moistened  with  am- 
monia ceases  to  indicate  further  evolution  of  nitric  acid  fumes.  You 
may  also,  without  risk,  continue  to  heat  until  nitrous  acid  vapors 
form.  The  residue  consists  of  alumina,  nitrates  of  baryta,  strontia, 
and  lime,  and  nitrate  and  basic  nitrate  of  magnesia. 

Moisten  the  mass  with  a  concentrated  solution  of  nitrate  of  am- 
monia, and  heat  gently,  but  do  not  evaporate  to  dryness.  Repeat  tliis 
operation  until  no  further  evolution  of  ammonia  is  perceptible.  (The 
basic  nitrate  of  magnesia,  insoluble  in  water,  dissolves  in  nitrate  of 
ammonia,  with  evolution  of  ammonia,  as  neutral  nitrate  of  magnesia.) 
Add  water,  &nd  digest  at  a  gentle  heat. 

If  the  nitrate  of  ammonia  has  evolved  only  imperceptible 
ti-aces  of  ammonia,  pour  hot  water  into  the  dish,  stir,  and  add  a 
drop  of  dilute  ammonia;  this  must  cause  no  turbidity  in  the 
fluid  ;  should  the  fluid  become  turbid,  tliis  proves  that  tide  heat- 
ing of  the  nitrates  has  not  been  continued  long  enough ;  in  wliich 
case  you  must  again  evaporate  the  contents  of  the  dish,  and  heat 
once  more. 
The  alumina  remains  undissolved  in  the  form  of  a  dense  granular 
substance.      Decant  after  digestion,  and  wash  with  boiling  water ; 
ignite  strongly  in  the  same  vessel  in  which  the  separation  has  been 
eflected,  and  weigh.     Separate  the  alkaline  earths  as  directed  §  154* 
In  the  same  way  alumina  may  be  separated  also  from  potassa  and 
soda. 

3.  Metlwd  in  which  the  processes  of  1  and  2  are  combined. 

Precipitate  the  alumina  as  in  ST^  wash  in  the  same  way  aa  there  88 
directed,  then  treat  while  still  moist  with  nitric  acid,  and  proceed  ac- 
cording to  88  to  remove  the  trifling  amount  of  magnesia,  &c,y  copreci- 
pitated ;  add  the  solution  obtained  to  the  principal  solution  of  the 
alkaline  earths,  and  treat  the  fluid  as  directed  in  87-  This  method 
may  be  employed  also  in  the  caae  of  chlorides ;  it  will  be  sometimes 
found  useful. 


*  Joam.  f.  prakt.  Ghem.  1858,  00,  9. 
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4.  JPrecipttcUion  of  Alumina  hy  Acetate  or  Formiate  of  Soda 

upo7i  boiling. 

The  same  process  as  for  the  separation  of  sesquioxide  of  iron  firom  40 
the  alkaline  earths.     The  method  is  employed  more  particnlai'ly  when 
both  alumina  and  sesqtdoxide  of  iron  have  to  be  separated  from  alka- 
line earths  at  the  same  time  (§  113,  1,  d). 

5.  JPrecipitation  of  Alumina  hy  Succinate  of  Ammfionia, 

Proceed  as  for  the  precipitation  of  sesquioxide  of  iron  by  the  same  41 
reagent  (§  113,  1,  c)  ;  especially  to  be  employed,  when  alumina  and 
sesquoixide  of  iron  are  both  to  be  separated  from  alkaline  earths  at 
the  same  time. 

B.  Special  Methods. 

Some  of  the  Alkaline  Earths  from  Alumina. 

1.  Precipitation  of  some  of  the  Salts  of  the  Alkaline  Earths, 

a.  Baryta  and  Strontia  from  Alumina. 

Precipitate  the  baryta  and  strontia  with  sulphuric  acid  (§§  101  48 
and  102),  and  the  alumina  from  the  filtrate  as  directed  §  105,  a.     This 
method  is  especially  suited  for  the  separation  of  baryta  from  alumina. 

h.  Lime  from  Alumina. 

Add  ammonia  to  the  solution  until  a  permanent  precipitate  forms,  44 
then  acetic  acid  until  this  precipitate  is  redissolved,  then  acetate  of 
ammonia,  and  finally  oxalate  of  ammonia  in  slight  excess  (§  103,  2, 
b,  ^)  ;  allow  the  precipitated  oxalate  of  lime  to  deposit  in  the  cold, 
then  filter,  and  precipitate  the  alumina  from  the  filtrate  as  directed 
§  105,  a.  In  presence  of  oxalate  of  ammonia,  alumina  requires  some 
time  for  precipitation  (Pisani). 

c.  Magnesia  and  small  quantities  of  Lime  from  Alumina. 

Mix  with  some  tartaric  acid,  supersaturate  with  ammonia  and  46 
from  the  clear  fluid  (in  the  presence  of  enough  alumina  no  tartrate  of 
lime  is  precipitated)  precipitate  first  the  lime  by  oxalate  of  ammonia, 
then  the  magnesia  by  phosphate  of  soda.  If  the  alumina  is  to  be 
determined  in  the  filtrate,  the  latter  must  be  evaporated  with  addi- 
tion of  carbonate  of  soda  and  nitre  to  dryness,  the  residue  ignited, 
softened  with  water,  dissolved  in  hydrochloric  acid  (not  in  the  pla- 
tinum dish),  and  the  alumina  precipitated  by  ammonia.  The  am- 
monio-phosphate  of  magnesia  which  may  conta.in  basic  tartrate  of 
magnesiaL  is  to  be  dissolved  in  hydrochloric  acid,  reprecipitated  with 
ammonia,  then  dried  and  weighed.  [Not  applicable  when  alumina 
is  present  in  large  proportion,  since  alumina  saltti  dissolve  ammonio- 
phosphate  of  magnesia  (Knapp).] 

2.  Precipitation  of  Alumina  hy  Carbonate  of  Paryta, 

Alumina  from  Magnesia,  and  small  quantities  of  Lime. 

Mix  the  slightly  acid  dilute  fluid  in  a  flask,  with  carbonate  of  46 
baryta  (shaken  up  with  water),  in  moderate  excess ;  cork  the  flask 
and  let  the  mixture  stand  in  the  cold  until  the  hydrated  alumina 
has  subsided,  wash  by  decantation  three  times,  filter,  and  then  de- 
termine the  alumina  in  the  precipitate  as  directed  43 ;  in  the  fil- 

23 
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trate,  first  precipitate  iLe  baryta  by  sulphuric  acid  (28)9  ftnd  then 
separate  the  lime  and  magnesia  according  to  §  154. 

Sepabation  op  Sesquioxide  op  Chbomiuh  from  the  Alkaline 
Earths. 

The  best  way  to  effect  the  separation  of  sesquioxide  of  chromiuDi  47 
from  the  alkaline  eai*ths  at  the  same  time,  is  to  convert  the  6e& 
quioxide  into  chromic  acid.  For  this  purpose  the  pulverized  sub- 
stance is  mixed  with  2^  parts  of  pure  carbonate  of  soda  and  2^ 
paiis  of  7%itrate  of  potaasa^  and  the  mixture  heated  in  a  platinum 
crucible  to  fusion.  On  treating  the  fused  mass  with  hot  water,  the 
chromiiim  dissolves  as  alkaline  chromate ;  the  residue  contains  the 
alkaline  eai'ths  as  carbonates,  or  in  the  caustic  state  (magnesia). 
The  chromium  in  the  solution  is  determined  as  directed  §  130. 

I  need  hardly  observe  that  sesquioxide  of  chromium  may  also  be  48 
separated  from  baryta  and,  though  less  perfectly,  from  strontia,  by 
means  of  sulphuric  acid  added  to  the  acid  solution  of  the  substance. 
Sesquioxide  of  chromium  cannot  be  separated  by  ammonia  from  the 
alkaline  earths,  since,  even  though  carbonic  acid  be  completely  ex- 
cluded, particles  of  the  alkaline  earths  are  thrown  down  with  the 
sesquioxide  of  chromium.  From  solutions  containing  a  salt  of  ses- 
quioxide of  chromium,  lime  cannot  be  precipitated  completely  by 
oxalate  of  ammonia ;  but  it  may  be  by  sulphuric  acid  and  alcohol 
(§  103,  1). 

III.  Separation  of  Sebqdioxide  of  Chboiiiuii  fbom  AluicqUu 

§  167. 

a.  Fuse  the  oxides  with  2  parts  by  weight  of  nitrate  of  potassa  and  49 
4  parts  of  carbonate  of  soda,  in  a  platinum  crucible,  treat  the  fused 
mass  with  boiling  water,  rinse  the  contents  of  the  crucible  into  a 
porcelain  dish  or  beaker,  add  a  somewhat  large  quantity  of  chlorate 
of  potassa,  supersaturate  slightly  with  hydrochloric  acid,  evaporate  to 
the  consistence  of  syrup,  and  add,  during  the  latter  process,  some  more 
chlorate  of  potassa  in  portions,  to  remove  the  free  hydrochloric  acid. 
Dilute  now  with  water,  and  precipitate  the  alumina  by  carbonate  of 
ammonia  or  ammonia  as  directed  in  §  105,  a.  The  alumina  falls  down 
free  from  sesquioxide  of  chromium.  In  the  filtrate  the  chromium  is 
determined  as  directed  §  1 30.  If  you  omit  the  evaporation  with  hydro- 
chloric acid  and  chlorate  of  potassa,  part  of  the  chromic  will  be  reduced 
by  the  nitrous  acid  in  the  fluid,  and  sesquioxide  of  chromium  will 
accordingly,  upon  addition  of  ammonia,  precipitate  with  the  alumina 
(Dexter*). 

b.  Dissolve  the  oxides  in  hydrochloric  acid  [make  the  tsolution  60 
nearly  neutral  by  carbonate  of  soda,  add  acetate  of  soda  in  excess],  and 
saturate  the  solution  with  chlorine  gas.  The  sesquioxide  of  chromi- 
um will  be  converted  into  chromic  acid,  and  the  alumina  partialJy  sep- 
arated. When  the  fluid  has  become  of  a  pure  yellow  color,  heat  to 
remove  the  excess  of  chlorine,  add  carbonate  of  ammonia,  ar.d  digest 

to  destroy  the  hypoclilorous  acid  and  precipitate  the  still  dissolved 
jdumina,  filter  off  the  alumina^  and  determine  it  according  to  §  105, 

*  Pogg.  AnnaL  89, 142. 


g  158.]  BASES  OF  GROUP  IT.  351 

3.     In  the  fluid  the  chromium  is  determined  according  to  §  130, 1.,  a. 

(WOHLBH,*  [GiBBSjt). 

FOUBTH  GBOUP. 

OXIDE  OF  ZIKO — ^PROTOXIDE  OP  MANGANESE — PROTOXIDE  OF  NICKEL — 
PROTOXIDE  OF  COBALT — PROTOXIDE  OF  IRON — SESQUIOXIDB  OF  IRON — 
(SESQUIOXIDE  OF  URANIUH). 

[.  Separation  of  the  Oxides  of  the  Fourth  Group  from  the 

Alkalies. 

§168. 

A.  General  Methods, 

1.  All  the  Oxides  of  the  Fourth  Group  from  Ammonia. 

Proceed  as  for  the  separation  of  sesquioxide  of  chromium  and  alu-  51 
mina  from  ammonia,  8o-  It  must  be  borne  in  mind  that  the  oxides 
of  the  fourth  group  comport  themselves,  upon  ignition  with  chloride 
of  ammonium,  as  follows  :  Sesquioxide  of  iron  is  partly  volatilized  as 
sesquichloride ;  the  oxides  of  manganese  are  converted  into  proto- 
chloride  of  manganese,  containing  protosesquioxide  of  that  metal ;  the 
oxides  of  nickel  and  cobalt  are  reduced  to  the  metallic  state  ;  oxide  of 
zinc  volatilizes,  with  access  of  air,  as  chloride  of  zinc  (H.  Rose).  It 
is,  therefore,  generally  the  safest  way  to  add  carbonate  of  soda.  The 
ammonia  is  determined  in  a  separate  portion. 

2,  All  Oxides  of  the  Fourth  Group  from  Potassa  and  Soda. 

Mix  the  solution  in  a  flask  with  chloride  of  ammonium  if  necessary,  58 
add  ammonia  till  neutral  or  slightly  alkaline,  then  yellow  sulphide  of 
ammonium  saturated  with  sulphuretted  hydrogen,  fill  the  flask  nearly 
to  the  .top  with  water,  cork  it,  allow  the  precipitated  sulphides  to 
subside,  and  then  Alter  them  off  from  the  fluid  containing  the  alka^ 
lies.  In  performing  this  process  the  precautionary  rules  given  under 
the  heads  of  the  several  metals  in  question  (§§  108 — 113)  must  be 
borne  in  mind.;^  (If  notwithstanding,  the  filtrate  is  brownish, 
acidify  it  with  acetic  acid,  boil  and  filter  off  the  small  quantity  of  the 
sulphide  of  nickel  which  then  separates.)  Acidify  the  filtrate  with 
hydrochloric  acid,  evajwrate,  filter  off  the  sulphur,  if  necessary,  con- 
tinue the  evaporation  to  dryness,  ignite  the  residue  to  remove  the 
ammonia  salts,  and  determine  the  alkalies  by  the  methods  given  §152. 

B.  Special  Methods, 

1.  Oxide  of  Zinc  from  Potassa  and  Soda,  by  precipitating  53 
ihe  zinc  from  the  solution  of  the  acetates  with  sulphuretted 
hydrogen  (see  p.  181  and  78)* 

2.  Sesquioxide  of  Iron  frok  Potassa  and  Soda,  by  precipita- 
ting the  sesquioxide  of  iron  with  ammonia ;  or  by  heating  the 
nitcates  (see  38)  • 

*  Annal.  d.  Chem.  n.  Pharm.  106,  121.        f  Am.  Jour.  Science,  2d  ser.  39,  59. 
X  Kickel  aiid  cobalt  may  be  separated  from  the  alkalies  also  in  the  mamiet 
given  in  73 
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3.  Fbotoxide  of  M  ilkganebe  frok  the  Alkalies. 

a.  Saturate  the  solution  with  cldorine^  and  precipitate  tbe54 
maugauese — as  hydrated  sesquioxide — with  cai^booAte  of 
baryta  or  ammonia.     The  latter  precipitant  ia  apt  to  leaTe 
some  manganese  in  solution  [see  also  61  J* 

h.  Heat  the  nitrates  (Deyille)  ;  (see  62)- 

IX  Sepabation  of  the  Oxides  of  the  Fourth  Qboup  fbov  the 

AtiKaline  Eabths. 


§169. 

Indeai  : — The  Nob.  refer  to  those  in  the  margin. 

Oxide  of  idnc  from  baryta,  strontia,  and  lime,  55,  56,  57,  03. 

^*  magnesia,  55,  57. 

Protoscide  of  manganese  from  baryta,  strontia,  and  lime,  55,  50,  50— 

02—67. 
Protoxide  of  manganese  from,  magneeia^  55,  59,  62. 
Protoxides  ofnickk  andcobait  from  baryta,  strontia,  and  lime,  55, 56, 63. 

^'  magnesia,  55. 

Sesquioxide  of  iron  from  baryta,  strontia,  and  lime,  55,  56,  58. 
**  magnesia,  55,  5& 

A.    General  Method, 

All  Oxides  op  the  Fourth  Group  from  the  Alkaline  Earths. 

Add  to  the  solution  chloride  of  ammonium,  and,  if  acid,  also  am-  66 
monia,  and  precipitate  with  sulphide  of  ammonium,  as  in  62*  Take 
care  to  use  slightly  yelJow  sulphide  of  ammonium,  perfectly  satura- 
ted with  sulphuretted  hydrogen,  and  free  from  carbonate  and  sul- 
phate of  ammonia,  and  to  employ  it  in  sufficient  excess.  Insert  the 
cork,  and  let  the  flask  stand  for  some  time,  to  allow  the  precipitate 
to  subside,  then  wash  quickly,  and  as  far  as  practicable,  out  of  the 
contact  of  air,  with  water  to  which  some  sulphide  of  ammonium  hfts 
been  added.  Acidify  the  filtrate  with  hydrochloiic  acid,  heat,  filter 
from  the  sulphur,  and  sepaiate  the  alkaline  earths,  as  directed  in 
§  154.  If  the  filtrate  is  brownish  from  a  little  dissolved  sulphide  of 
nickel,  acidify  it  with  acetic  acid  instead  of  with  hydrochloric  acid, 
boil,  and  filter. 

If  the  quantity  of  the  alkaline  earths  is  rather  considerable,  it  is 
advisable  to  treat  the  slightly  washed  precipitate  once  more  with  hy- 
drochloric acid  (in  presence  of  nickel  or  cobalt,  it  is  not  necessary 
to  effect  complete  solution),  heat  the  solution  gently  for  some  time, 
and  then  reprecipitate  in  the  same  way. 

If  we  have  merely  to  effect  the  removal  of  nickel  and  cobalt,  we 
may  also,  after  addition  of  sulphide  of  ammonium,  acidify  with  acet- 
ic acid,  and  filter.  Cobalt  alone  may  be  separated  as  follows :  after 
precipitating  the  ammoniacal  solution  with  sulphide  of  ammonium, 
boil  the  whole  till  the  free  ammonia  has  escaped,  add  a  few  drops  of 
sulphide  of  ammonium  and  ammonia,  and  filter  (H.  BosE*). 

•  Pogg.  AnnaL  110,  416. 
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B.  Special  Methods, 

1.  Baryta,  Strontia,  and  Lime,  froh  the  whole  of  the  Oxides 

OF  THE  Fourth  Group. 

Precipitate  the  baryta  and  strontia  from  the  acid  solution  66 
with  sulphuric  acid  (§§  101  and  102),  in  the  presence  of  lime 
add  I — }i  volume  of  strong  alcohol  (§  103).    For  baryta  this 
method  is  preferable  to  all  others. 

2.  Oxide  of  Zinc  from  the  Alkaline  Earths. 

Convert  the  bases  into  acetates,  and  precipitate  the  zinc  from  57 
the  solution  as  directed  in  §  108,  1,  6. 

3.  Sesquioxide  of  Iron  from  the  Alkaline  Earths. 

a.  Mix  the  somewhat  acid  solution  with  enough  chloride  68 
of  ammonium,  heat  to  boiling,  add  slight  excess  of  am- 
monia, boil,  till  the  excess  of  the  latter  is  expelled,  and  fil- 
ter. The  solution  is  free  from  iron,  the  precipitate  is  free 
firom  lime,  baryta,  and  strontia,  but  contains  a  very  slight 
trace  of  magnesia  (H.  Bose*). 

h.  Precipitate  the  sesquioxide  of  iron  as  basic  acetate  or  for- 
miate  (§  113,  l,  d  [and  §  81,  e"]  ).  The  method  is  good 
and  can  frequently  be  employed. 

c.  Decompose  the  nitrates  by  heat  (38)- 

4.  Protoxide  of  Manganese  from  the  Alkaline  Earths. 

SeparcUion  of  Manganese  as  Sesquioxide  or  J3inoxide» 

a.  Schiel's  Method.f — Add  to  the  hydrochloric  acid  solution  car-  69 
bonate  of  soda  until  the  fluid  is  nearly  neutralized,  mix  with  acetate 
of  soda,  dilute  suflSciently,  and  then  conduct  chlorine  gas  into  the 
mixture.  The  acetate  of  protoxide  of  manganese  is  decomposed,  and 
the  whole  of  the  manganese  separates  as  binoxide.  The  alkaline 
earths  remain  in  solution.  The  solution  is  kept  heated  to  between 
50^  and  60^,  whilst  the  chlorine  ga.s  is  transmitted  through  it ;  as 
soon  as  the  binoxide  has  separated,  the  transmission  of  the  gas  is 
stopped.  The  protosesquioxide  of  manganese  obtained  by  the  igni- 
tion of  the  binoxide  so  produced  contains  alkali.  The  binoxide  must 
therefore  be  dissolved  in  hydrochloric  acid,  and  the  solution  precipi- 
tated as  directed  §  109,  3.  Instead  of  chlorine  gas,  solution  of  hy- 
poohlorous  acid  or  of  hypochlorite  of  soda  may  be  used.t  In  using 
the  latter,  care  must  be  taken  to  keep  the  fluid  always  slightly  acid 
by  acetic  acid.     The  method  is  good. 

i8.  H.  Rose]  recommends  to  mix  the  dilute  solution  with  acetate  60 
of  soda,  heat  and  saturate  with  chlorine  gas,  then  to  the  fluid,  which 
becomes  red  from  the  formation  of  permanganic  acid,  to  add  excess 
»f  ammonia  (in  presence  of  much  magnesia,  also  chloride  of  ammoni- 

•  Pogg.  Annal  110,  800.  t  SiUi™-  Jo^^n-  ^5,  275. 

X  [Bromine  is  the  most  convenient  reagent  to  employ  for  the  above  purpcee.] 

I  Pogg.  Annal   110,  805. 
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um),  to  boily  till  all  free  ammonia  is  expelled,  and  filter  off  the  pre- 
cipitated sesquioxide  of  manganese.  The  manganese  may  also  be 
completely  pi^ecipitated  from  a  dilute  cold  fluid  saturated  with  chlo- 
rine by  means  of  carbonate  of  baryta. 

[7.  Reichabdt*  directs  to  add  to  the  hot  and  dilute  hydroehlor-  6] 
ic  acid  solution  carbonate  of  soda  until  a  slight  permanent  precipi- 
tate is  formed,  to  redissolve  this  by  the  least  necessary  hydrochbric 
acidy  and  to  add  excess  of  (crystals  of)  acetate  of  soda.  The  acetic 
solution  thus  obtained  is  heated  just  to  boiling,  and  solution  of  hypo- 
chlorite of  soda  (procured  by  boiling  good  bleaching  powder  with 
solution  of  carbonate  of  soda,  using  the  latter  in  but  slight  excess)  is 
added  in  sufficient  quantity  with  stirring.  That  enough  hypochlo- 
rite has  been  added  is  shown  by  the  reddening  and  subsequent  bleach- 
ing of  litmus  paper.  This  test  should  not  be  applied  until  the  hy- 
pochlorite has  had  a  little  time  to  react  on  the  manganese.  If  the 
acetic  acid  should  be  neutralized  more  must  be  added.  After  a  few 
minutes  filter  and  wash  with  hot  water.  Reichardt  assures  that  the 
bin  oxide  thus  obtained  is  free  from  alkali.] 

d,  Deville^s  Method.f — The  bases  must  be  present  as  nitrates.  62 
Heat  in  a  covered  platinum  dish  to  from  200°  to  250°,  until  the 
formation  of  fumes  has  completely  ceased,  and  the  mass  has  become 
black;  and  proceed  in  all  other  respects  as  directed  in  38*  ^^ 
presence  of  a  small  quantity  of  organic  matter,  or  the  action  of  a  too 
intense  heat,  may  cause  the  reduction  of  traces  of  binoxide  of  man- 
ganese, and  their  solution  in  nitrate  of  ammonia;  these  ti-aoes  will  be 
found  with  the  magnesia. 

6.  Protoxide  op  Cobalt,  Protoxide  of  Nickel,  and  Oxide  op 
Zinc,  from  Baryta,  Strontia,  and  Lime. 

Mix  with  carbonate  of  soda  in  excess,  add  cyanide  of  potassium,  63 
heat  very  gently,  until  the  precipitated  carbonates  of  protoxide  of 
cobalt,  protoxide  of  nickel,  and  oxide  of  zinc  are  redissolved ;  then 
filter  the  alkaline  earthy  carbonates  from  the  solution  of  the  cyanides 
in  cyanide  of  potassium.  The  former  are  dissolved  in  dilute  hydro- 
chloric acid,  and  separated  according  to  §  154;  the  latter  are  sepa- 
railed  according  to  §  160. 

III.  Separation  of  the  Oxides  of  the  Fourth  Group  fbom 
THOSE  of  the  Third,  and  from  each  other. 

§160. 

Ind^  .'—The  No&  refer  to  those  in  the  margin. 

Aluminii  from  oxide  of  zinc,  64,  65,  70,  71,  81. 

^'  proto3dde  of  manganese,  64,  65,  66,  68,  70,  71.  78. 

^<  protoxides  of  niokel  and  cobalt.  64,  65,  67,  70,  71,  81. 

»*  protoxide  of  iron,  64,  65,  66,  67. 

"  Besquioxide  of  iron,  65, 66, 67,  75,  84. 

Smguiaeide  of  chromium  from  oxide  of  zinc,  protoxides  of  manganese,  nickel, 

cobalt,  and  iron,  64,  65,  76. 
*^  sesquioxide  of  iron,  65,  75,  76. 

Inalysis  of  chromic  iron,  77. 
■^i^i—  —    ■ 

•  Fres.  Zeitschrift,  v.  62.  f  ^oum.  t  prakt  Chem.  60, 11 
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Osaide  nf  Hm  from  alumina,  64,  65,  70,  71,  81. 

*^  protoxide  of  manganese,  64,  65, 76,  78. 

'*  protoxide  of  nickel,  74,  83. 

"  protoxide  of  cobalt,  72,  74,  79. 

"  sesquioxide  of  iron,  64,  69,  70,  71,  85. 

PraioaBide  of  ynangane^e  from  alumina,  64,  65,  66,  68,  70,  71,  78. 

**  sesquioxide  of  chromium,  64,  65,  76. 

**  oxide  of  zinc,  78. 

"  protoxide  of  nickel,  73,  74,  78,  80. 

**  protoxide  of  cobalt,  73,  74,  79,  80. 

"  sesquioxide  of  iron,  64,  68,  69,  70,  71. 

ofniekd  from  alumina,  64,  65,  67,  70.  71,  81. 
^^  sesquioxide  of  chromium,  64,  65,  76. 

"  oxide  of  zinc,  72,  74,  83. 

**  protoxide  of  manganese,  73,  74,  78,  80. 

**  protoxide  of  cobalt,  79,  82. 

"  sesquioxide  of  iron,  64,  69,  70,  71,  73,  85. 

Protoxide  of  oobaU  from  alumina,  64,  65,  67,  70,  71,  81. 

^*  sesquioxide  of  chromium,  64,  65,  76. 

"  oxide  of  zinc,  72,  74,  79. 

"  protoxide  of  manganese,  73,  74,  79,  80. 

"  protoxide  of  nickel,  79,  82. 

**  sesquioxide  of  iron,  64,  69,  70,  71,  73. 

Protosadeofiron  from  alumina,  64,  65,  66,  67. 

*^  sesquioxide  of  chromium,  64,  65,  76. 

'*  sesquioxide  of  iron,  64,  85. 

BuguioQide  of  iron  from  alumina,  66,  67,  75,  84. 

*'  sesquioxide  of  chromium,  65,  75,  76. 

"  oxide  of  zinc,  64,  69,  70,  71,  85. 

*'  protoxide  of  manganese,  64,  68,  69,  70,  71. 

"  protoxide  of  nickel,  64,  69,  70,  71,  73,  85. 

**  protoxide  of  cobalt,  64,  69,  70,  71,  7a 

*'  protoxide  of  iron,  64,  85. 

A.   Qtneral  Methods. 

1.  I^recipikUion  of  some  Oxides  hy  CarboncUe  of  JSarytcu 
Sebqdioxibe  of  Jron,  Alumina,  asd  Sesquioxide  of  Chbomium, 

FROM  ALL  OTHER  BaSES  OF  THE  FoURTH  GrOUP. 

m 

Mix  the  sufficiently  dilute  solution  of  the  chlorides  or  nitrates,  04 
but  Bot  sulphates,  which  must  contain  a  little  free  acid,*  in  a  flask, 
with  a  moderate  excess  of  carbonate  of  baiyta  diffused  in  water ; 
cork,  and  allow  to  stand  some  time  in  the  cold,  with  occasional 
shakiDg.  The  sesquioxide  of  iron,  alumina,  and  sesquioxide  of  chro- 
mium, are  completely  separated,!  whilst  the  other  bases  remain  in 
solution,  with  the  exception  perhaps  of  traces  of  protoxide  of  cobalt 
and  protoxide  of  nickel,  which  will  generally  fall  down  with  the  preci- 
pitated oxides.  This  may  be  prevented,  at  least  as  regards  nickel,  by 
addition  of  chloride  of  ammonium  to  the  fluid  to  be  precipitated 
(ScHWARZENBERo|).  Decaut,  stir  up  with  cold  water,  allow  to  deposit, 
decant  again,  filter,  and  wash  with  cold  water.     The  precipitate  con- 

*  If  thare  is  much  free  acid,  the  greater  part  of  it  rniut  fint  be  satoiated 
irhh  carbonate  of  soda. 

{The  separation  of  the  seaqnioxide  of  chromimn  requires  the  most  time. 
AnnaL  d.  Chem.  u.  Pharm.  97,  216. 
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tains,  besides  the  precipitated  oxides,  carbonate  of  baryta ;  and  the 
filtrate,  besides  the  non-precipitated  oxides,  a  salt  of  baryta. 

If  protoxide  of  iron  is  present, 
and  it  is  wished  to  separate  it  by 
this  method  from  sesquioxide  of 
iron,  dec.,  the  air  must  be  excluded 
during  the  whole  of  the  operation. 
In  that  case,  the  solution  of  the 
substance,  the  precipitation,  and  the 
washing  by  decantation,  are  effected 
in  a  flask  (A^  fig.  66),  through 
which  carbonic  acid  is  transmitted 
{d).  The  washing  water,  boiled  free 
from  air,  and  cooled  out  of  contact 
of  air  (preferably  in  a  current  of 
carbonic  acid),  is  poured  in  through 
a  funnel  tube  (c),  and  the  fluid 
drawn  off  by  means  of  a  movable 
syphon  (6)  ;  all  the  tubes  are  fitted 
_.     ^  air-tight  into   the   cork;    they    are 

*•  smeared  with  tallow. 


2.  Precipitation  of  ths  Oxides  of  the  Fourth  Groupy  hy 
Sulphide  of  /Sodium,  or  Sulphide  of  Ammomum,  from 
Alkaline  Solution  effected  wUh  the  aid  of  Tartaric  Acid, 

Alumina  and  Sesquioxide  of  Chbomiuh  from  the  Oxides  of 
THE  Fourth  Group. 

Mix  the  solution  with  tartaric  acid,  then  with  pure  solution  of  66 
soda  or  potassa  until  the^fluid  has  cleared  again ;  *  add  sulphide  of 
sodium  as  long  as  a  precipitate  forms,  allow  it  to  deposit  until  the 
supernatant  fluid  no  longer  exhibits  a  greenish  or  brownish  tint ; 
decant,  stir  the  precipitate  up  with  water  containing  sulphide  of  so- 
dium, decant  again,  transfer  the  precipitate,  which  contains  all  the 
metals  of  the  fourth  group,  to  a  filter,  wash  with  water  containing 
sulphide  of  sodiiun,  and  sepai*ate  the  metals  as  directed  in  B.  Add 
to  the  filtrate  nitrate  of  potassa,  and  evaporate  to  dryness  ;  fuse  the 
residue,  and  separate  the  alumina  from  the  chromic  acid  formed,  aA 
directed  §  157.  If  you  have  merely  to  separate  alumina -from  the 
oxides  of  the  fourth  group,  it  is  better,  after  addition  of  tartaric  acid, 
to  supersaturate  with  ammonia,  add  chloride  of  amhionium,  and  pre- 
cipitate in  a  flask  with  sulphide  of  ammonium.  When  the  precipi- 
tate has  settled  it  is  filtered  off  and  washed  with  water  containing 
sulphide  of  ammonium.  The  filtrate  is  evaporated  with  addition  of 
carbonate  of  soda  and  nitrate  of  potassa  to  dryness,  fused,  and  the 
alimiina  determined  in  the  residue. 


*  Sesquioxide  of  cbromiam  and  oxide  of  zinc  caanot  be  obtained  together  is 
alkaline  solution  (Chancel,  Compt.  rend.  43,  927 :  Jouzn.  f.  prakt  Chezn.  70^ 
378). 
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B.  f^jeeial  Methods, 
1.  SclvhUity  of  Alumina  in  Caustic  Alkalies. 

a.  Alumina  from  Protoxide  and  Sesquioxide  of  Iron,  and 
Small  Quantities  of  Protoxide  of  Manganese  (but  not  from  the 
protoxides  of  nickel  and  cobalt). 

Heat  the  rather  concentrated  acid  solution  in  a  flask  to  boiling,  60 
remove  from  the  gas,  and  reduce  the  sesquioxide  of  iron  present  by 
sulphite  of  soda.     E^place  the  fluid  over  the  lamp,  keep  boiling  somo 
time,  and  then  neutralize  with  carbonate  of  soda,  add  solution  of  pure 
soda  or  potassa  in  excess,  and  boil  for  some  time. 

If  the  analyzed  substance  contains  much  iron,  the  precipitate  will 
become  black  and  granular,  which  is  a  proof  that  the  iron  has  been 
converted  into  protosesquioxide.  The  tendency  to  bum])ing,  preced- 
ing the  actual  ebullition  of  the  fluid,  may  be  guarded  against  by 
means  of  a  spiral  coil  of  platinimi  wire  placed  in  the  liquid,  or  by 
constant  agitation  of  the  latter  :  when  ebullition  has  once  set  in,  there 
is  no  further  need  of  these  precautions.  Remove  the  fluid  now  from 
the  gas,  allow  to  deposit,  pass  the  clear  fluid  through  a  Alter,  which 
must  not  be  over-porous,  boil  the  precipitate  again  with  a  fresh  quan- 
tity of  solution  of  soda,  then  wash  it,  first  by  decantation,  afterwards 
on  the  filter  with  hot  water.  Acidify  the  alkaline  filtrate  with  hy- 
drochloric acid,  boil  with  some  chlorate  of  potassa  (to  destroy  any 
traces  of  organic  matter),  concentrate  by  evaporation,  and  precipi- 
tate the  alumina  as  directed  §  105,  a.*  The  boiling  of  the  precipi- 
tated oxides  with  the  solution  of  soda  is  eflected  best  in  a  somewhat 
capacio\is  silver  or  platinum  dish.  A  solution  of  soda  containing 
alumina  and  silica  must  be  particularly  avoided. . 

If  sesquioxide  of  chromium  was  present  in  the  analyzed  sub- 
stance, you  will  find  the  principal  portion  of  it  with  the  sesquioxide 
of  iron ;  but  a  small  quantity  has  been  oxidized  to  chromic  acid,  and 
is  accoiniingly  found  in  the  fluid  filtered  from  the  alumina. 

6.  The  method  described  in  a  is  often  employed  also  in  a  modified 
form,  omitting  the  reduction  of  the  sesquioxide  of  iron ;  in  wliich 
case  the  process  is  performed  as  follows : — Precipitate  with  ammonia, 
decant,  filter,  wash,  transfer  the  precipitate  still  moist  to  a  platinum 
dish,  without  the  aid  of  water,  and  i*emove  the  last  particles  adhering 
to  the  filter  by  means  of  warm  hydrochloric  acid,  which  is  allowed 
to  drop  into  the  platinum  dish.  The  aqueous  washings  of  the  filter 
are  kept  separate.  When  the  precipitate  in  the  platinum  dish  has 
dissolved,  add,  very  cautiously,  concentrated  solution  of  caustic 
potassa,  or  carbonate  of  soda,  uatil  the  free  acid  is  almost  neutralized, 
and  apply  heat,  finallj^  to  boiling ;  after  this,  remove  the  lamp,  and 
«dd  a  lump  of  pui-e  hydrate  of  potassa  sufiiciently  large  to  redissolve 
the  precipitated  alumina,  leaving  the  hydrated  sesquioxide  of  iron 
undissolved.  Hinse  the  platinum  dish  now  into  the  beaker  which 
contains  the  washings  of  the  filter ;  wash  the  sesquioxide  of  iron, 
first  by  decantation,  then  upon  the  filter  with  boiling  water,  and  treat 
the  fiiltrato  as  in  a. 

If  the  fluid  in  which  it  is  intended  to  separate  sesquioxide  of  iron 
and  alumina  contains  lime  or  magnesia,  some  alumina  is  likely  to 
temain  undissolved. 

*  Jonm.  £.  prakt  Chem.  45,  261. 
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c.  Alumina  from  Sesquioxide  or  Iron  asd  PsoroxiDBfi  of  Iron, 
Cobalt,  and  Nickel. 

Fuse  the  oxides  with  hydrate  of  potassa  in  a  silver  crucible,  boil  67 
the  mass  with  water,  and  filter  the  alkaline  fluid,  which  contains  the 
alumina,  fv*om  the  oxides,  which  are  free  from  alumina,  but  contain 
T>otassa  (H.  Bose). 

2.  Different  hehamor  of  the  Oxides  towards  Ammonia  in  tJte 

presence  of  Chloride  of  ATnmonium. 

Alumina  and  Sesquioxide  of  Iron  from  Protoxide  of  Man- 
ganese. 

The  solution  should  be  sufficiently  dilute,  mixed  with  chloride  of  68 
ammonium,  and  slightly  acid.  Heat  to  boiling,  add  ammonia  in 
moderate  excess,  and  allow  to  boil  gently  without  interruption  till  all 
free  ammonia  is  expelled,  then  filter  off  the  precipitate  which  con- 
tains the  sesquioxide  of  iron  and  the  alumina  from  the  fluid  contain- 
ing the  manganese.  If  the  quantily  of  the  manganese  is  small,  the 
precipitate  will  contain  merely  unweighable  traces  of  it.  If,  on  the 
other  hand,  much  is  present,  the  precipitate  after  being  partially 
washed  is  redissolved  in  hydrochloric  add,  and  the  above  precipita- 
tion is  repeated.     Results  good  (H.  Rose*). 

3.  Different- deportment  of  neutralized  Solutions  at  hoUinff  IieeU. 

Sesquioxide  of  Iron  from  Protoxides  of  Manganese,  Nickel 
4ND  Cobalt,  Oxide  of  Zinc,  and  other  strong  Bases. 

Mix  the  dilute  solution  largely  with  chloride  of  ammonium  (at  least  69 
20  of  NH4OI  to  1  of  oxide),  add  carbonate  of  ammonia  in  small 
quantities,  at  last  drop  by  drop  and  in  very  dilute  solution,  as  long 
as  the  precipitated*  iron  redissolves,  which  takes  place  promptly  at  first, 
but  more  slowly  towards  the  end.  As  soon  as  the  fluid  has  lost  its 
transparency,  without  showing,  however,  the  least  trace  of  a  distinct 
precipitate  in  it,  and  fails  to  recover  its  clearness  after  standing  some 
time  in  the  cold,  but,  on  the  contrary,  becomes  rather  more  turbid 
than  otherwise,  the  reaction  may  be  considered  completed.  When 
this  point  has  been  attained,  heat  slowly  to  boiling,  and  keep  in 
ebullition  for  a  short  time  after  the  carbonic  acid  has  been  entirely 
expelled.  The  sesquioxide  of  iron  separates  as  a  basic  salt,  which 
rapidly  settles,  if  the  solution  was  not  too  concentrated.  Add  now 
a  drop  of  ammonia,  to  see  whether  the  iron  has  been  completely 
thrown  down,  then  a  little  more  ammonia,  to  conVert  the  basic  salt 
of  iron,  which  has  a  tendency  to  dissolve  upon  cooling,  into  hy  drated 
sesquioxide,  and  filter.  To  insure  accurate  results,  the  fluid  must 
not  contain  more  than  3*4  grm.  sesquioxide  of  iron  in  the  litre,  and 
must  be  tolerably  free  from  sulphuric  acid,  since  it  is  difiicult  in 
presence  of  the  latter  to  hit  the  exact  point  of  saturation.  (Herschel,! 
ScHWARZENBERG.t)  The  precipitate  should  be  washed  with  water 
containing  chloride  of  anmaonium. 

■i^^— -  III  II  ,  ^    .« 

•  Fogg.  AnnaL  110,  804  n.  807.     f  Amial.  de  Ghim.  et  de  Phys.  49,  306. 

t  AnnaL  d.  Chem.  u.  Phann.  97,  216. 
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4.  Method  hctaed  on  the  behamor  of  the  Acetates  at  a  hoiling  Jieat, 

Sesquioxide  of  Ikon  and  Alumina  from  Pbotoxide  of  Manga- 
KssE,  Oxide  of  Zinc,  Protoxide  of  Cobalt,  and  (but  not  so  well) 
Protoxide  of  Nickel. 

Precipitate  the  sesquioxide  of  iron  and  alumina  according  to  §  1 13,  78 
1,  cL  See  also  §  81,  e.  The  precipitate  is  free  from  manganese,  co- 
balt, and  zinc ;  but  it  contains  some  nickel,  from  which  it  can  only 
be  freed  by  redisaolving  (after  slight  washing),  repi*ecipitating  in  the 
same  manner,  and  repeating  the  operation  a  third  time.  The  method 
is  more  suited  to  the  separation  of  sesquioxide  of  iron,  or  of  sesqui- 
oxide of  iron  and  alumina,  than  of  alumina  alone.     Besults  good. 

5.  Metfhod  based  en  the  different  behavior  of  the  Succinates, 

Sesquioxide  of  Iron  (and  Alumina)  from  Oxide  of  Zinc,  anp 
Protoxides  of  Manganese,  Nickel,  and  Cobalt. 

The  solution  should  contain  no  considerable  quantity  of  sulphuric  7] 
acid.  If  acid,  as  is  usually  the  case,  add  ammonia  till  the  color  is 
reddish  brown,  then  acetate  of  soda,  or  of  ammonia  (H.  Rose)  till 
the  color  is  deep  red,  finally  precipitate  with  neutral  alkaline  succi- 
nate at  a  gentle  heat,  and  filter  the  succinate  of  sesquioxide  of  iron 
from  the  solution  which  contains  the  rest  of  the  metals.  For  the 
further  treatment  of  the  precipitate,  see  §  113,  1,  c.  With  proper 
care  the  separation  is  complete,  and  espei^ally  to  be  recommended 
when  a  relatively  large  quantity  of  iron  is  present.  T^e  method  may 
also  be  used  in  the  presence  of  alumina.  The  latter  falls  down  com- 
pletely with  the  iron.     (E.  Mitscherlich,  Pagels*.) 

.  6.  Different  deportment  of  several  Sulplndes  toith  AcidSy  or  of 
the  Acetic  Acid  Solutions  with  SidpliAMreUed  Hydrogen. 

[a.  Oxide  of  Zinc  from  Protoxides  of  Nickel  and  Cobalt. 
Brunner^s  Method.! 

The  metals  must  exist  in  dilute  nitric  or  hydrochloric  solution  (not  78 
moi*e  than  1  grm.  of  both  oxides  in  ^  litre).  This  is  so  nearly  neu- 
tralized by  carbonate  of  soda  that  only  a  very  small  quantity  of  free 
acid  remains.  To  accomplish  this  purpose  it  is  best  to  add  a  dilute 
solution  of  carbonate  imtil  a  slight  precipitate  is  left,  after  agitating 
and  standing  for  some  time,  and  then  to  remove  this  by  one  or  more 
drops  of  dilute  acid.  Conduct  into  the  liquid  thus  prepared  hydro- 
sulphuric  acid,  which,  after  a  time,  produces  a  perfectly  white  pre- 
cipitate of  sulphide  of  zinc.  Af)yer  a  good  share  of  the  zinc  has  thus 
been  thrown  down,  add  to  the  liquid  a  few  drops  of  a  very  dilute 
solution  of  acetate  of  soda  and  continue  the  passage  of  hydrosulphuric 
acid  gas  as  long  as  the  precipitate  a})pears  to  increase,  and  afterwards 
let  the  whole  stand  12  hours  at  ordinary  temperatures.  The  preci- 
pitate settles  perfectly  and  washes  easily  upon  the  filter. 

In  order  to  make  certain  of  the  thorough  separation  of  the  zinc, 
add  to  a  portion  of  the  filtered  liquid  a  drop  of  solution  of  acetate  of 
soda  and  treat  again  with  hydrosulphuric  acid  gas.  If  a  white  tur- 
bidity ensues  the  whole  filtrate  must  be  subjected  to  the  same  opera- 
tion. 

«  Jahresber.  t.  Kopp  u.  WOL  1858,  617.        \  Diogler's  polyt.  Joum.  150,  87a 
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The  sulphide  of  zinc  is  further  treated  according  to  §  108,  2. 

This  separation  succeeds  only  when  the  directions  are  strictly  ad- 
hei*ed  to.  If  the  solution  be  neutral,  or  contain  too  much  acetate  of 
soda,  or  be  heated,  nickel  will  go  down  with  the  zinc.  If  iron  be 
present  it  must  be  previously  separated.  Mixter  Las  employed  this 
method  in  the  analysis  of  German  silver  with  most  satisfactory  re- 
sults.] 

b.  Protoxides  of  Cobalt  and  Nickel  from  Protoxide  of  Man- 
ganese AND  the  Oxides  of  Iron. 

The  solution,  which  must  be  fi^ee  from  nitric  acid,  is,  after  neutra-  73 
lization  of  any  free  acid  which  may  be  present  by  ammonia,  precipi- 
tated with  sulphide  of  ammonium,  and  highly  dilute  hydix>chloric 
acid,  or — if  manganese  alone  has  to  be  separated — acetic  acid  then 
added,  and  sulphuretted  hydrogen  gas  conducted  into  the  fluid  to 
saturation,  with  frequent  stirring.  This  serves  to  dissolve  the  sul- 
phide of  manganese  and  the  sulphide  of  iron,  whilst  the  sulphide  of 
cobalt  and  the  sulphide  of  nickel,  though  the  latter  less  completely, 
remain  undissolved.  The  filti*ate  is  reprecipitated  by  addition  of 
ammonia  and  sulphide  of  ammonium,  and  the  above  treatment  is  ro- 
peated.  The  results  are  accurate.  It  is  advisable,  however,  to  test 
the  weighed  cobalt  and  nickel  compounds,  for  manganese  and  iron. 

» 

c.  Protoxides  of  Cobalt  and  Nickel  from  Protoxide  of  Man- 
ganese AND  Oxide  of  Zinc. 

a.  Put  the  weighed  mixture  of  the  oxides  in  a  porcelain  or  plati-  74 
num  boat,  insert  this  into  a  tube,  heat  to  dull  redness,  whilst  con- 
ducting sulphuretted  hydrogen  gas  over  it.  Let  the  sulphides  formed 
cool  in  the  current  of  gas,  and  then  digest  them  for  several  hours 
with  cold  dilute  hydrochloric  acid,  which  dissolves  only  the  sulphide 
of  manganese  (and  sulphide  of  zinc).  The  sulphides  of  nickel  and 
cobalt  are  left  behind  pure  (Ebelmen*). 

/?.  Precipitate  with  carbonate  of  soda,  filter,  wash,  and  ignite ; 
mix  1  part  of  the  residue  with  1*5  of  sulphur  and  0*75  of  carbonate 
of  soda,  and  heat  the  mixture  in  a  small  retort  as  strongly  as  possi- 
ble for  half  an  hour.  Allow  the  mixture  to  cool,  and  extract  the 
sulphide  of  zinc  (and  sulphide  of  manganese)  formed,  with  dilute 
hydrochloric  acid  (1  pai't  acid  to  10  water),  BRUNNER.f 

7.  Different  deportitient  of  the  several  Oxides  with  Hydrogen 
Gas  at  a  red  heat, 

Sesquioxide  of  Iron  from  Alumina  and  Sbsquioxide  of  Chro- 
mium. 

[Precipitate  with  ammonia,  heat,  filter,  ignite  and  weigh.     Tritu-  75 
rate,  and  weigh  off  a  portion  in  a  platinum  crucible.     Ignite  to  red- 
ness in  a  stream  of  hydrogen  gas  as  long  as  water  forms  (about  1 


*  AnnaL  d.  Chem.  u.  Phann.  73,  330.  Ebelmen  haa  given  his  method  aunply 
for  the  separation  of  cobalt  and  nickel  from  manganese. 

f  AnnaL  d.  Chem.  u.  Fharm.  60,  8G4.  Bronner  has  given  his  method  simp]^ 
for  nickel  and  zina 
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hour).     Then  ignite  over  the  blast-lamp  in  a  cuiTent  of  mixed 
hydrogen  and  hydrochloric  acid  gases. 

This  leaves  the  alumina  and  sesquioxide  of  chromium  in  a  state  of 
purity ;  the  iron  volatilizes  as  protochloride,  and  is  detei'mined  by  the 
loss.     (Method  of  Eiyot  and  Deville  modified.)] 

8.  Different  capacity  of  the  aeverdt  Oxides  to  he  converted  into 
higher  Oxides,  or  higlier  CIdorides, 

a,  Sesquioxide  of  Chromium  from  all  the  Oxides  of  the 
Fourth  Group. 

Fuse  the  oxides  with  nitrate  of  potassa  and  carbonate  of  soda  76 
(comp.  §  157),  boil  the  mass  with  water,  add  a  sufficient  quantity  of 
spirit  of  wine,  and  heat  gently  for  several  hours.  Filter,  and  deter- 
mine in  the  filtrate  the  chromium  as  directed  §  130,  and  in  the  residue 
the  bases  of  the  fourth  group.  The  following  is  the  theory  of  this 
process :  the  oxides  of  zinc,  cobalt,  nickel,  iron,  and  partly  that  of 
manganese,  separate  upon  the  fusion,  whilst,  on  the  other  hand,  man- 
ganate  (perhaps  also  some  ferrate)  and  chromate  of  potassa  are  formed. 
Upon  boiling  with  water,  part  of  the  manganic  acid  of  the  manga- 
nate  of  potassa  is  converted  into  permanganic  acid  at  the  expense  of 
the  oxygen  of  another  part,  which  is  reduced  to  the  state  of  binoxide ; 
the  latter  separates,  wh^st  the  potassa  salts  are  dissolved.  The  addi- 
tion of  alcohol,  with  the  application  of  a  gentle  heat,  efi'ects  the  decom- 
position of  the  manganate  and  permanganate  of  potassa,  binoxide 
of  manganese  being  separated.  XJpon  filtering  the  mixture,  we  have 
therefore  now  the  whole  of  the  chromium  in  the  filtrate  as  alkaline 
chromate,  and  all  the  oxides  of  the  fourth  group  on  the  filter.  Alu- 
mina, if  present,  will  be  found  partly  in  the  residue,  partly  as  alka- 
line aluminate  in  the  filtrate ;  proceed  with  the4atter  according  to  49* 

If  you  have  to  deal  with  the  native  compound  of  sesquioxide  of 
chromium  with  protoxide  of  iron  (chromic  iron)  the  above  method 
does  not  answer.     In  this  case  the  following  plan  may  be  adopted : 

Take  0'5  grm.  of  the  impalpable  powder,  and  fuse  in  a  cai^acious77 
platinum  crucible  with  G  grm.  bisulphate  of  potassa  for  fifteen 
minutes,  at  a  temperature  scarcely  above  the  fusing  point  of  the 
latter,  then  raise  the  heat  somewhat,  so  that  the  bottom  of  the  cru- 
cible may  just  appear  red,  and  keep  it  so  for  fifteen  or  twenty  minutes. 
The  fusing  mass  should  not  rise  higher  than  halfway  up  the  crucible. 
The  mass  begins  to  fuse  quietly,  and  abundant  fumes  of  sulphuric 
acid  escape.  At  the  expiration  of  twenty  minutes  the  heat  is  in- 
creased as  much  as  necessary  to  drive  out  the  second  equivalent  of 
sulphuric  add,  arid  even  to  decompose  partially  the  sulphate  of  iron 
and  chromium.  To  the  fused  mass  now  add  3  grm.  pure  carbonate 
of  soda,  heat  to  fusion,  and  add  in  small  portions  from  time  to  time 
during  an  hour  3  grm.  nitre,  maintaining  a  gentle  red  heat  all  the 
while,  then  heat  for  15  minutes  to  bright  redness.  Treat  the  cold 
mass  with  boiling  water,  filter  hot,  wash  the  residue  with  hot  watei*, 
then  digest  in  the  heat  with  hydrochloric  acid.  If  anything  remains 
undissolved,  it  is  a  portion  of  the  ore  undecomposed,  and  must  be 
■nbjected  again  to  the  above  operation.  To  weigh  such  a  residue 
«nd  deduct  it  from  the  ore  first  taken  is  not  good,  as  ii  never  pos- 
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Besses  tlie  composition  of  the  original  substance.  The  alkaline  solu- 
tion, which  often  contains,  besides  the  chromic  acid,  also  some  silicic, 
titanic,  and  manganic  acids  and  alumina,  is  evapoi'ated  with  excess 
of  nitrate  of  ammonia  on  a  water-bath  nearly  to  dryness,  and  dll  all 
free  ammonia  is  expelled.  On  addition  of  water,  the  silicic  acid, 
ahmiina,  titanic  acid,  and  sesquioxide  of  manganese  remain  undis- 
solved, while  the  chromic  acid  passes  into  solution,  and  is  to  be  de- 
termined according  to  §  130.     (T.  S.  Hunt..    F.  A.  Genth*.) 

b.  Protoxidb  of  Manganese  from  Alumina,  Protoxide  of 
Nickel,  and  Oxide  of  Zinc  (but  not  from  protoxide  of  cobalt  and 
the  oxides  of  iron). 

After  ScHiEL.f — Conduct  chlorine  ma  into  the  solution  mixed  78 
with  acetate  of  soda  (see  59^  60  <^<^  ol)* 

9.  Method  based  itpon  the  different  deportffnent  of  the  Nitritei, 

Protoxide  of  Cobalt  from  Protoxide  of  Nickel,  also  from 
Protoxide  of  Manganese  and  Oxide  of  ZiNa 

The  separation  of  cobalt  as  nitrite  of  sesquioxide  of  cobalt  and  79 
potassa,  which  waa  recommended  first  by  Fischer,J  afterwards  by  A. 
StromeyerJI  is  unquestionably  the  best  method  for  separating  cobalt 
and  nickel.  The  best  mode  of  proceeding  is  as  follows : — The  solu- 
tion of  the  oxides  (from  which  any  iron  [as  well  as  all  alkaline  earths 
where  nickel  is  present,]  must  first  be  separated)  is  evaporated  to  a 
small  bulk,  and  then,  if  mtich  free  acid  is  present,  neutralized  with 
potafisa.  Then  add  a  concentrated  solution  of  nitrite  of  potassa 
(previously  neutralized  with  acetic  acid  and  filtered  fix)ni  any  flocks 
of  silica  and  alumina  that  may  have  separated)  in  sufficient  quantity 
and  finally  acetic  acid,  till  any  flocculent  precipitate  that  may  have 
formed  from  excess  of  potassa  has  redissolved  and  the  fluid  is  decid- 
edly acid.  Allow  it  to  stand  at  least  for  24  hours  in  a  warm  plaoe, 
take  out  a  portion  of  the  supernatant  fluid  with  a  pipette,  mix  it 
with  more  nitrite  of  potassa  and  observe  whether  a  further  precipi- 
tation takes  place  in  this  after  long  standing.  If  no  pi'ecipitate  is 
formed  the  whole  of  the  cobalt  has  fallen  down,  otherwise  die  small 
portion  must  be  returned  to  the  principal  solution,  some  more  nitrite 
of  potassa  added,,  and  after  long  standing  the  same  test  applied 
Thus  alone  can  the  analyst  be  sure  of  the  complete  precipitation  of  the 
cobalt.  Finally  filter  and  treat  the  precipitate  according  to  §  111,  4, 
if  you  desire  to  determine  it  after  the  method  of  Genth  and  Gibes. 
H.  Hose  recommends  washing  the  precipitate  with  a  saturated  so- 
lution of  chloride  of  potassium  or  of  sulphate  of  potassa,  then  dis- 
solving it  in  hydrochloric  acid,  precipitating  the  protoxide  of  cobalt 
from  the  solution  with  potassa,  washing,  igniting  in  hydrogen,  wash- 
ing the  metal  and  finally  weighing. 

*  Zeitscfaiift  1  analyt  Chem.  1.  498. 

f  SilUm.  Joum.  15,  275.  Schiel  speaks  only  of  the  separation  of  mangimese 
from  iron  (?)  and  nickel ;  but  it  is  obvious  that  its  sepaiatiion  from  altunina  and 
cine  may  be  effected  bytibie  same  method. 

X  Po^.  AmiaL  72,  477.  t  Amiai  d.  Oiem.  n.  Phann.  99,  Sia 
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10.  Method  hosed  on  the  different  behavior  of  the  Phosphates. 
Makoanese  from  Nickel  and  Cobalt. 

Mix  the  warm  solution  of  the  sulphates  or  chlorides  with  chloride  of  80 
ammonium  and  ammonia,  then  with  phosphoric  acid  (the  ammonia 
must  remain  still  in  large  excess).  The  white  precipitate  is  2  Mn  O, 
N  H,  O,  P  0,-f  2  H  O  (which  on  ignition  becomes  2  Mn  O,  P  O,),  the 
filtrate  contams  the  whole  of  the  nickel.  If  cobalt  is  present  the  preci- 
pitate must  be  dissolved  in  hydrochloric  acid  and  repredpitated  with 
ammonia,  in  order  to  free  it  from  the  small  quantity  of  cobalt  which 
first  falls  down  with  it.  The  precipitate  becomes  crystalline  soon 
after  falling,  it  is  to  be  washed  with  solution  of  chloride  of  ammo- 
nium containing  free  ammonia  (T.  H.  Henry*).     [See  also  §  109,  o.] 

The  test-analyses  are  satisfactory. 

11.  Methods  hosed  upon  tfie  different  deportment  with  Cyanide 

of  JPotossium, 

a.  Alumina  from  Oxide  of  Zinc,  Pkotoxide  of  Cobalt,  and 
Protoxide  of  Nickel. 

Mix  the  solution  with  carbonate  of  soda,  .add  cyanide  of  potassium  81 
in  sufficient  quantity,  and  digest  in  the  cold,  until  the  pi-ecipitated 
carbonates  of  zinc,  cobalt  and  nickel  are  redissolved.  Filter  off  the 
undissolved  alumina,  wash,  and  remove  the  alkali  which  it  contains, 
by  resolution  in  hydrochloric  acid  and  reprecipitation  by  ammonia 
(Fresekius  and  HAiDLEirf). 

b.  Protoxide  of  Nickel  from  Protoxide  of  Cobalt. 

Libbio's  Method. J — Mix  the  solution  of  the  two  oxides,  which  8S 
must  be  free  from  other  oxides,  with  hydrocyanic  acid,  then  with  so- 
lution of  potassa,  and  warm,  until  evejiything  is  dissolved.  (Cyanide 
of  potassium,  free  from  cyanate,  may  be  used  instead  of  hydro- 
cyanic acid  and  potassa.)  The  solution  looks  reddish-yellow ;  heat  to 
boiling  to  remove  the  free  hydrocyanic  acid.  By  this  process  the 
double  cyanide  of  cobalt  and  potassium  (K  Cy,  Co  Cy)  in  the  solu- 
tion is  mostly  converted,  with  evolution  of  hydrogen,  into  cobalti- 
cyanide  of  potassium  (Kj  Cog  Cyg)]  whilst  the  double  cyanide  of 
nickel  and  potassium  in  the  solution  remains  unaltered.  Let  the 
solution  cool,  then  supersaturate  with  chlorine,  and  constantly  redis- 
solve  the  precipitate  of  cyanide  of  nickel  which  forms,  by  addition 
of  solution  of  soda  or  potassa.  The  chlorine  does  not  act  upon  the 
cobalticyanide  of  potassium,  but  it  decomposes  the  double  cyanide 
of  nickel  and  potassiimi,  and  throws  down  the  whole  of  the  nickel 
as  black  peroxide.  [This  must  be  washed,  dissolved,  and  reprecipi- 
tated  to  separate  impurities.     It  is  safest  to  weigh  as  metallic  nickel.] 

To  determine  the  cobalt  in  the  filtrate,  supersaturate  with  acetic 
acid,  boil,  precipitate  the  boiling  solution  with  sulphate  of  copper, 
keep  in  ebullition  for  some  time  longer,  then  filter  the  fluid  from  the 
precipitated  cobalticyanide  of  copper  (Co,  Co^  Cyg+  7  H  O) ;  decom- 
pose the  latter  by  boiling  with  solution  of  potasisa,  and  calculate  the 

.■!■  I  I  I  ■  ■         I  * 

•  Pha  Hair-  16.  No.  106,  197.        f  AnnaL  d.  Ghem.  n.  Fharm.  43,  189. 

i  Ibid.  05,  244,  and  87,  128. 
2  (Co  Cy,  K  Cy)  +  K  Cy  +  H  Cy  =  (K,  Co,  Cy.)  +H. 
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quauiity  of  the  cobalt  from  that  of  the  oxide  of  copper  obtained, 
f  Or  evaporate  to  dryness  with  excess  of  hydrochloric  acid,  dissolve 
the  residue  in  water,  separate  the  cobalt  as  sulphide,  convert  into 
sulphate  and  oxide,  and  weigh  as  metallic  cobalt.  The  best  method 
of  separating  a  little  nickel  from  much  cobalt.     (Gauhe.*)] 

c.  Protoxidb  op  Nickel  frok  Oxide  of  Zikc. 

Mix  the  concentrated  solution  of  both  oxides  with  an  excess  of  88 
concentrated  pure  solution  of  potassa,  then  with  solution  of  hydro- 
cyanic acid  in  sufficient  quantity  to  redissolve  the  precipitate  com- 
pletely ;  add  solution  of  monosulphide  of  potassium^  allow  the  pre 
cipitated  sulphide  of  zinc  to  deposit  at  a  gentle  heat,  filter,  and  de- 
termine the  nickel  in  the  filtrate  by  heating  for  some  time  with  fum- 
ing hydrochloric  acid  and  nitric  acid,  or,  instead  of  the  latter,  chlo- 
rate of  potassa,  evaporating,  and  finally  precipitating  with  potassa 

(WOHLERJ). 

12.    Volumetric  Determination  of  one  of  the  Oxides, 

a,  Sesquioxide  of  Iron  from  Alumina. 

Precipitate  both  oxides  with  ammonia  (§  105,  a,  and  §  113,  1).84 
Dissolve  the  weighed  residue,  or  an  aliquot  part  of  it,  by  digestion 
with  concentrated  hydrochloric  acid,  or  by  fusion  with  bisulphate  of 
])otassa  [or  better,  carbonate  of  soda],  and  treatment  with  water  con- 
taining sulphuric  acid ;  and  determine  the  iron  volumetrically  as  direc- 
ted §  113,  3,  a,  or  h.  When  hydrochloric  acid  is  used  to  dissolve 
the  oxides,  the  solution  should  be  evaporated  with  excess  of  sul- 
phuric acid,  to  remove  the  hydrochloric  acid,  in  case  permanganate  is 
employed  for  estimating  the  iron.  The  alumina  is  found  from  the 
difterence.  This  is  an  excellent  method,  and  to  be  recommended 
more  particularly  in  cases  where  the  relative  amount  of  iron  is  small. 
If  you  have  enough  substance  it  is  of  course  much  more  convenient 
to  divide  the  solution,  by  weighing  or  measuring,  into  two  equal  por- 
tions, and  determine  in  the  one  the  sesquioxide  of  iron  -h  alumina, 
in  the  other  the  iron.  Instead  of  estimating  the  iron  by  volumetric 
analysis,  you  may  also  precipitate  it,  after  addition  of  tartaric  acid 
and  ammonia,  with  sulphide  of  ammonium. 

6.  Sesquioxide  of  Iron  from  Protoxide  of  Iron  (Oxide  of 
Zinc,  Protoxide  of  Kickel). 

Determine  in  a  portion  of  the  substance  the  total  amount  of  the  85 
iron  as  sesquioxide,  or  by  the  volumetric  way.  Dissolve  another  poi> 
tion  by  warming  with  sulphuric  acid  in  a  flask  tlu'ough  which  cbt- 
bonic  acid  is  conducted,  to  exclude  the  air;  dilute  the  solution, 
and  determine  the  protoxide  of  iron  volumetrically  (§  112,  2,  a).  The 
difference  gives  the  quantity  of  the  sesquioxide.  Or,  dissolve  the 
compound  in  like  manner  in  hydrochloric  acid,  and  determine  the 
sesquichloride  of  iron  with  hyposulphite  of  soda,  according  to  §  113, 
3,  b.  In  this  case  the  difference  gives  the  protoxide  of  iron.  If  it 
IB  desired  to  determine  the  protochloride  of  iron  in  the  hydrochloric 
acid  solution  with  permanganate,  the  remarks  on  p.  198  must  be  borne 

*  Fzes.  Zeitschrift,  r.  83.  f  AnnaL  d.  Chem.  a.  Fhann.  89,  ^76L 
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in  mind.  These  convenient  and  eimple  methods  deserve  to  replace  the 
older  and  more  complicated  methods  of  determining  protoxide  of  iron 
in  presence  of  aeaquioxide.  If  the  compound  in  which  sesqui-  and 
protoxide  of  iron  are  to  be  estimated  is  only  with  difficulty  uecotu- 
posed  by  acids,  heat  it  with  a  mixture  of  4  jiarta  sulphuric  acid  and 
1  part  water  in  a  sealed  tube  at  210°  (Mitscheblich,  Jour,  t 
prakt.  Chem.,  81, 108,  and  83,  455),  or,if  thisis  notenough,  fuse  it  with 
borax  (1  part  mineral,  5 — 6  vitrified  borax)  in  a  small  retort,  con- 
nected with  a  flask  containing  nitrogen  (produced  by  combustion  of 
phoHphoruB  in  air) ;  an  atmosphere  of  carbonic  acid  is  less  suitable. 
Triturate  the  fused  mass,  and  dissolve  in  boiling  hydrochloric  acid, 
in  an  atmosphere  of  carbonic  acid  (Hekmamm  ;  v.  Kobell). 


Fig.  67. 

[Cooks*  dissolves  silicates  in  a  mixture  of  sulphuric  and  hydro- 
fluoric  acids  in  an  atmosphere  of  steam  and  carbonic  acid,  and  mea- 
sures the  protoxide  of  iron  by  means  of  permanganate  of  potassa. 

Fig.  B7  exhibits  his  api>aratus.  To  the  sides  of  a  copper  water- 
bath  are  attached  three  tubes.  The  tube  on  the  left  connects  with  a 
Mariotte's  flask  to  maintain  the  water  at  a  constant  levcL  The  upper 
tube  on  the  right  connects  with  a  carbonic  acid  gaa  genei-ator,  wliile 
the  third  tub«  carries  off  any  overflow  of  wat^r  to  the  sink. 

On  the  cover  of  the  water-hath  close  to  the  rim  is  a  circular 
groove,  which  receives  the  edge  of  an  inverted  glass  tunnel.  When 
the  apparatus  is  in  use  this  groove  is  kept  full  of  water  by  the  spray 
from  (Jie  boiling  liquid  and  thus  forms  a  perfect  water  joint ;  but  in 
order  to  secure  this  result  the  bath  must  be  kept  nearly  full  of  water 
and  holes  for  the  ready  escape  of  the  steam  and  spray  should  be  pro- 
vided in  the  rings,  which  cover  the  hath  and  adapt  it  for  vessels  of 
vanouB  sizes.  By  this  ari-angement  the  funnel  may  he  kept  filled  with 
an  atmosphere  of  steam  or  of  carbonic  acid  for  an  indefinite  period. 
Moreover  we  can  either  pour  in  fresh  quantities  of  solvent,  or  we 
can  fltir  up  the  material,  in  the  vessel  within,  introducing  a  tube-fun- 
1^  or  stirrer  through  tlie  apout  of  the  covering  funnel. 

[•  Am.  Jonr.  Science,  M  ser.,  xUv.,  847.] 
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The  finely  pulverized  substance  (^ — 1  grm.)  is  placed  in  a  large 
platinum  crucible.  Upon  it  pour  a  mixture  of  dilute  sulphuric  acid 
(sp.  gr.  1*5)  with  as  little  hydrofluoric  acid  as  experience  may  show 
is  required  to  dissolve  or  decompose  the  substance,  stirring  up  the 
material  with  a  platinum  spatula.  The  crucible  is  next  transferred 
to  the  water-bath,  the  covering  funnel  put  in  place,  water  poured  into 
the  groove,  the  interior  filled  with  carbonic  acid,  and  the  lamp  lighted. 
As  soon  as  the  water  boils,  the  supply  of  carbonic  acid  is  stopped, 
and  if  the  water  level  has  been  properly  adjusted,  the  apparatus  will 
take  care  of  itself,  the  groove  will  be  kept  full  of  water  and  the  inter- 
ior of  the  funnel  fuU  of  steam.  If  the  materials  cake  on  the  bottom  of 
the  crucible, — as  is  not  unfrequently  the  case  when  a  lai-ge  amount  of 
insoluble  sulphate  is  formed, — the  lamp  may  be  removed,  the  appara- 
tus again  filled  with  carbonic  acid,  and  the  contents  of  the  ciucible 
stirred  up  by  aid  of  a  stout  platinum  wire  about  two  inches  long, 
fused  to  the  end  of  a  glass  tube.  Anything  adhering  to  the  rod  can 
easily  be  washed  back  into  the  cinicible  by  directing  the  jet  from  the 
wash  bottle  down  the  throat  of  the  coveidng  funnel.  The  lamp  may 
then  be  replaced,  the  current  of  carbonic  acid  interrupted,  and  the 
process  of  digestion  continued.  When  the  decomposition  is  complete 
the  current  of  carbonic  acid  gas  is  re-established,  the  lamp  extinguished, 
and  the  air-tube  of  the  Maiiotte's  flask  raised  until  its  lower  end  is 
above  the  level  of  the  overflow.  A  slow  current  of  water  is  thus 
caused  to  flow  through  the  bath,  which  soon  cools  down  the  whole 
apparatus.  The  crucible  may  now  be  removed,  its  contents  washed 
into  a  beaker  glass,  and  the  solution  diluted  with  pure  water  until  the 
volume  is  about  500  c.  c,  when  the  amount  of  protoxide  of  iron 
present  can  be  determined  with  a  solution  of  permanganate  of  potassa 
in  the  usual  way.  The  total  amount  of  iron  present  being  subse- 
quently determined,  the  relative  proportion  of  the  two  oxides  is  of 
course  well  known.] 

Iron  may  also  be  determined  volumetrically  in  presence  of  oxide  . 
of  zinc,  protoxide  of  nickel,  &c.  It  is,  indeed,  often  the  better  way, 
instead  of  eflecting  the  actual  separation  of  the  oxides,  to  determine 
in  one  portion  of  the  solution  the  sesquioxide  of  iron  -f  oxide  of 
zinc  or  -h  protoxide  of  nickel,  in  another  portion  the  iron  alone,  and 
to  find  the  quantity  of  the  other  metal  by  the  difference.  However, 
this  can  be  done  only  in  cases  where  the  quantity  of  iron  is  relatively 
small. 

IV.  Separation  of  Sesquioxide  op  Iron,  Alumina,  Protoxibk  of 
Manganese,  Lime,  Magnesia,  Potassa,  and  Soda. 

§  16.1. 

As  these  oxides  are  found  together  in  the  analysis  of  most  silicates, 
and  also  in  many  other  cases,  I  devote  a  distinct  paragraph  to  the 
desciiption  of  the  methods  which  are  employed  to  effect  their  sepa 
ration. 

1.  Method  hosed  upon  the  einploi/ment  of  Carbo7iate  of  Sofryia 
(particularly  applicable  in  cases  where  the  mixture  coutainB 
only  a  small  proportion  of  lime). 

P  ecipitate  the  iron — which  must  be  present  in  the  form  of  se9-86 
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qnioxide— and  the  alumina  by  carbonate  of  baryta,*  and,  after  re- 
moving the  baryta,  separate  the  two  metals,  by  one  of  the  methods 
given  in  §  160.  Precipitate  the  manganese  from  the  filtrate,  either 
by  yellow  sulphide  of  ammonium  (66)  or,  after  addition  of  a  little 
hydrochloric  acid  and  saturation  with  chlorine,  by  carbonate  of  baryta 
(60)-  If  you  have  used  sulphide  of  ammonium,  which  I  generally 
prefer,  dissolve  the  precipitated  sulphide  of  manganese  in  hydrochloric 
acid,  mix  the  solution  with  some  sulphuric  acid,  filter,  and  determine 
the  manganese  as  directed  §  109,  2  or  3.  If  you  have  used  carbon- 
ate of  baryta  as  precipitant,  separate  the  manganese  as  directed 
§  159.  Precipitate  the  dilute  solution  now  with  sulphuric  acid,  filter, 
and  wash  the  precipitate  until  the  water  running  ofi'  is  no  longer  ren- 
dered turbid  by  chloride  of  barium ;  then  precipitate  the  lime  after 
addition  of  ammonia  with  oxalate  of  ammonia.  Filter,  evaporate 
the  filtrate  to  dryness,  ignite  the  residue,  and  separate  the  magnesia 
from  the  alkalies  by  one  of  the  methods  given  in  §  153. 

2.  Application  of  Alkaline  Acetates  or  Formiatea, 

Remove  from  the  solution,  by  evaj>oration,  any  very  considerable  87 
excess  of  acid  which  may  be  present,  then  dilute  again  with  water, 
add  carbonate  of  soda,  f  until  the  fluid  is  nearly  neutral  (no  per- 
manent precipitate  must  be  formed),  then  acetate  or  formiate  of 
soda,  and  proceed  as  in  §  113,  1,  c?  (p.  202).  Wash  the  precipitate 
well,  dry,  ignite,  and  weigh.  Dissolve  in  concentrated  hydrochloric 
acid,  and  determine  the  iron  volumetrically,  according  to  §  113,  3,  6 
(p.  203),  or  fuse  with  carbonate  of  soda,  dissolve  in  dilute  sulphuric 
acid,  and  determine  the  iron  as  in  §  1 13,  3,  a  (p.  203).  The  difference 
gives  the  quantity  of  the  alumina.  If  any  silicic  acid  remains  be- 
hind on  dissolving  the  precipitate,  it  is  to  be  collected  on  a  filter,  ig- 
nited, weighed,  and  deducted  from  the  alumina.  The  filtrate  contains 
the  manganese,  the  alkaline  earths,  and  the  alkalies.  Precipitate  the 
manganese  with  sulphide  of  ammonium  (66)  or  bromine  (69-61) — 
if  the  former  precipitant  is  employed,  boil  with  hydrochloric  acid  and 
filter  off  the  sulphur — precipitate  the  lime,  after  addition  of  ammo- 
nia, with  oxalate  of  ammonia,  and  lastly,  after  removing  the  ammo- 
nia salts  by  ignition,  precipitate  the  magnesia  from  the  hydrochloric 
acid  solution  of  the  residue  with  phosphate  of  soda.  However,  if  it 
is  intended  to  estimate  the  alkalies,  the  magnesia  must  be  separated 
by  one  of  the  processes  in  §  153,  4.'  This  method  is  convenient,  and 
gives  good  results. 

The  following  methods  are  paHiculariy  suitable  in  cases  where  no 
manganese  is  present. 

3.  Application  of  Ammonia, 

The  solution  must  contain  all  the  iron  in  the  state  of  sesquioxide.  88 
Add  a  relatively  large  quantity  of  chloride  of  ammonium,  and — ob- 
Berving  the  precautions  indicated  in  68 — precipitate  with  ammonia. 

^  Before  adding  the  carbonate  of  baryta,  it  is  abtolutdi  indupensahU  to  aacer* 
tain  whether  a  aolution  of  it  in  hydroohloric  acid  is  completely  precipitated  by 
mlphnric  add,  so  that  the  filtrate  leaves  no  residue  upon  evaporation  in  a  plati- 
imiii  dish. 

f  In  cases  where  it  is  intended  to  estimate  tbe  alkalies  in  the  filtrate,  carbonats 
and  aoetote  of  ammonia  must  be  used  instead  of  the  soda  salts. 
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The  precipitate  contains  the  whole  of  the  iron  and  almost  the  whole 
of  ilie  alumina  (a  veiy  minute  quantity  of  the  latter  often  remains 
in  solution),  also  a  trace  of  magnesia.  Decant  and  filter ;  wash,  ignite, 
and  weigh  the  precipitate,  and  treat  according  to  one  of  the  methods  in 
§  160.  If  silicic  acid  remains  undissolved,  it  is  to  be  determined  and 
deducted.  If  there  is  a  large  excess  of  alumina  or  magnesia,  mix  the 
hydrochloric  acid  or  sulphuric  acid  solution  with  pure  potassa  in  excess, 
heat,  filter,  and  in  the  precipitate  separate  the  sesquioxide'  of  iron  from 
any  traces  of  magnesia  that  may  be  present  according  to  689  a*  The  so- 
lution filtered  from  the  alumina  and  sesquioxide  of  iron  is  mixed  with 
hydrochloric  acid  and  concentrated  by  evaporation,  the  manganese  is 
precipitated  and  determined  according  to  §  109, 2,  as  sulphide,  the  alka- 
line earths  and  alkalies  in  the  filtrate  are  estimated  according  to  87* 
The  weighed  sulphide  of  manganese  is  digested  with  hydrochloric 
acid,  any  residue  that  may  i*emain  fused  with  bisulphate  of  potassa, 
and  the  mixed  solutions  tested  according  to  669  to  see  if  they  con- 
tain alumina. 

4.  Decomposition  of  the  Nitrates  (Detille^s  method). 

This  method  presupposes  that  the  bases  are  combined  with  iiitric80 
acid  only. 

Proceed  first  as  in  88*  The  escape  of  nitrous  acid  fames,  observed 
during  the  heating  of  the  nitrates,  is  no  proof  of  the  total  decompo- 
sition of  the  nitrates  of  sesquioxide  of  iron  and  alumina,  as  tliese 
vapors  may  owe  their  formation  to  the  conversion  of  the  nitrate  of 
protoxide  of  manganese  into  binoxide.  Stop  the  application  of  heat 
when  no  more  vapors  are  evolved,  and  the  substance  has  acquired  a 
uniform  black  color.  After  the  treatment  with  nitrate  of  ammonia, 
the  solution  contains  nitrates  of  lime,  magnesia,  and  the  alkalies,  the 
i*esidue  contains  alumina,  sesquioxide  of  iron  and  binoxide  of  manr 
ganese.  (That  some  manganese  is  dissolved,  under  certain  circum- 
stances, has  been  stated  already  in  62 ;  this  trace  is  found  with  the 
magnesia,  and  finally  separated  from  the  latter.) 

Deville  recommends  the  following  methods  to  efiect  the  further 
separation  of  the  bases : — 

a.  Heat  the  residtte  with  moderately  strong  nitric  acid,  until  the 
alumina  and  sesquioxide  of  iron  are  dissolved,  leaving  the  residuary 
binoxide  of  manganese  of  a  pure  black  color.  Ignite  the  residue,  and 
weigh  the  protosesquioxide  of  manganese  formed.  Evaporate  the 
solution  in  a  platinum  crucible,  ignite,  and  weigh  the  mixture  of  ses- 
quioxide of  iron  and  alumina,  which  may  possibly  also  contain  somt) 
protosesquioxide  of  manganese.  Treat  a  portion  of  it  by  the  method 
described  in  76  ;  this  gives  the  alumina.  If  manganese  was  present, 
the  iron  cannot  be  estimated  by  difference.  Deville  therefoi«  eva- 
porates the  solution  of  the  protochlorides  (76)9  ydih  sulphuric 
acid,  ignites  gently,  and  treats  the  residue,  which  consists  of  ses- 
quioxide of  iron  and  some  sulphate  of  protoxide  of  manganese,  with 
water  to  dissolve  the  latter.  (Should  the  heat  applied  have  been  too 
■trong,  which  might  possibly  lead  to  the  decomposition  also  of  sulpluite 
of  protoxide  of  manganese,  the  residue  is  moistened  with  a  mixture 
of  oxalic  acid  and  nitric  acid,  some  sulphuric  acid  added,  and  the 
process  repeated.) 

6.  From  the  fUrcUe^  precipitate  first   the   lime    by  oxalate   of 
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umnonia,  then  separate  the  magnesia  from  the  alkalies  as  directed 
§153,4. 

This  method  is  particularly  suitable  in  the  absence  of  manganese. 

5.  Method  which  combines  3  arul  4. 

Precipitate  with  ammonia  (37)9  decant,  filter,  wash,  remove  the  90 
still  half-moist  precipitate,  as  far  as  practicable,  from  the  filter,  dis- 
solve the  rest  in  nitric  acid,  transfer  this  to  the  dish,  to  efiect  also 
the  solution  of  the  bulk  of  the  precipitate ;  proceed  as  in  89)  &nd 
add  the  fiuid,  separated  from  the  sesquioxide  of  iron  and  alumina, 
and  still  containing  small  quantities  of  magnesia,  to  the  principal 
filtrate.  This  method  is  often  employed  with  the  best  success  in 
my  laboratory,  in  absence  of  manganese;  the  determination  of  the 
alumina  being  efiected  by  estimating  the  total  amount  of  ses- 
quioxide of  iron  and  alumina,  then  the  sesquioxide  of  iron  volumet- 
rically  (87). 

Supplement  to  tfie  Fou/rth  Ghroup, 

To  §§  158,  159,  160. 

Separation  op  SESQuioxroE  op  Uranium  from   the   other 

Oxides  of  Groups  I. — IV. 

It  has  already  been  stated,  in  §  114,  that  sesquioxide  of  uranium  9] 
cannot  be  completely  separated  from  the  cdkalies  by  means  of  am- 
monia, as  the  precipitated  ammonio-sesquioxide  of  uranium  is  likely 
to  contain  also  fixed  alkalies.  This  precipitate  should  therefore  be 
dissolved  in  hydrochloric .  acid,  the  solution  evaporated  in  the 
platinum  crucible,  the  residue  gently  ignited  in  a  current  of  hydro- 
gen gas  (see  fig.  47,  p.  181),  the  chlorides  of  the  alkali  metals  ex- 
tracted with  water,  and  the  protoxide  of  uranium  ignited  in  hydro- 
gen, in  order  to  its  being  weighed  as  such,  or  in  the  air,  whereby  it 
in  converted  into  protosesquioxide.  Instead  of  dissolving  the  pre- 
cipitate in  hydrochloric  acid  and  treating  the  solution  as  directed, 
you  may  heat  the  precipitate  cautiously*  with  chloride  of  ammonium, 
and  treat  the  residue  with  water  (H.  Bose). 

From  baryta^  sesquioxide  of  uranium  may  be  separated  by 
sulphuric  acid,  from  strontia  and  lime^  by  sulphuric  acid  and  alco- 
hol. Ammonia  fails  to  efiect  complete  separation  of  sesquioxide  of 
uranium  from  the  alkaline  earths,  the  uranium  precipitate  always 
containing  not  inconsiderable  quantities  of  the  earths.  In  such 
precipitates,  however,  the  uranium  and  the  alkaline  earth  may  like^ 
wise  be  separated  by  gentle  ignition  with  chloride  of  ammonium 
and  ti'eatment  of  the  residue  with  water. 

Uranium  may  be  precipitated  from  a  solution  containing  alkalies  92 
and  alkaline  eartlis  also  by  sulphide  of  ammonium.  It  must  here  be 
borne  in  mind  that  the  solution  must  contain  a  sufficiency  of  chloride 
of  ammonium  and  free  ammonia,  that  the  precipitate  must  not  be 
filtered  off  till  after  long  standing  (24 — 48  hours)  in  the  closed  fiask, 
and  that  no  alkaline  carbonate  may  bo  present.  The  sulphide  of  am- 
monium should  be  colorless,  or  slightly  yellow,  and  a  large  excess 


*  Strong  ignition  would  occasion  the  volatilization  of  chloride  of  uranium. 
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should  be  ayoidecL  The  color  of  the  precipitate  varies,  beiug  some- 
times dirty  yellow,  sometimes  browo,  reddish-brown,  or  black,  ac- 
cording to  the  proportions  of  chloride  of  ammonium,  ammonia,  and 
sulphide  of  ammonium,  for  it  is  not  the  sulphide  corresponding  to  the 
sesquioxide,  but  consists  of  uranium,  oxygen,  ammonium,  sulphur 
and  water  (Patera).  Wash  the  precipitate  with  watier  containing 
sulphide  of  ammonium,  dry,  roast  it  for  some  time,  ignite  strongly  in 
an  atmosphere  of  hydrogen,  allow  to  cool  in  a  rapid  stream  of  the 
same  gas,  and  weigh  the  residual  protoxide  of  uranium  (H.  Rose).  If 
the  quantity  of  the  alkalies  or  alkaline  earths  that  arc  to  be  separated 
from  the  uranium  is  large,  in  order  to  effect  complete  separation,  re- 
dissolve  the  washed  precipitate  in  hydrochloric  acid,  and  repeat  the 
precipitation  with  sulphide  of  ammonium. 

Juagnesia  may  also  be  separated  from  sesquioxide  of  uranium  by  98 
ammonia.  Add  enough  chloride  of  ammonium  to  the  solution,  heat 
to  boiling,  supersaturate  with  ammonia,  odntinue  boiling,  till  the 
odor  of  ammonia  is  but  slight,  filter  the  hot  fluid,  and  wash  the  pre- 
cipitate, which  is  free  from  magnesia,  with  hot  water  containing  am- 
monia (H.  Kose). 

Alumina  is  best  separated  from  sesquioxide  of  uranium  by  mixing 
the  somewhat  acid  fluid  with  carbonate  of  ammonia  in  excess.  The 
sesquioxide  of  uranium  passes  completely  into  solution,  while  the 
alumina  remains  absolutely  undissolved.  Filter,  evaporate,  add  hy- 
drochloric acid  to  resolution  of  the  precipitate  produced,  heat  till  all 
the  carbonic  acid  is  expelled,  and  precipitate  with  ammonia  (§  114). 

The  separation  of  uranium  from  the  metals  of  the  fourtJt  group  94 
may  be  based  simply  on  the  fact  that  carbonate  of  ammonia  prevents 
the  precipitation  of  uranium  but  not  that  of  the  other  metals  by  sul- 
phide of  ammonium.  Mix  the  solution  with  a  mixture  of  carbonate 
of  ammonia  and  sulphide  of  ammonium,  allow  to  subside  in  a  closed 
flask  and  wash  the  precipitate  with  water  containing  carbonate  of 
ammonia  and  sulphide  of  ammonium.  Supersaturate  the  filtrate  cau- 
tiously with  hydrochloric  acid,  heat  with  addition  of  nitric  acid,  to 
convert  the  proto-  into  sesquioxide  of  uranium  and  precipitate  with 
ammonia  (H.  Eose*). 

Sesquioxide  of  iron  may  be  also  separated  from  sesquioxide  of  urar 
nium  by  means  of  an  excess  of  carbonate  of  ammonia.  The  small 
quantity  of  iron  which  passes  with  the  uranium  into  solution,  is  pre- 
cipitated with  sulphide  of  ammonium,  before  the  uranium  is  thrown 
down  (PiSANif). 

From  protoxides  of  nickel,  cobalt,  and  manganese,  oxide  of  zinc  and    • 
magnesia,  the  sesquioxide  of  uranium  may  also  be  separated  by  car- 
bonate of  baiy  ta.     The  fluid,  which  should  contain  a  little  firee  acid, 
is  mixed  with  the  precipitant  in  excess,  and  allowed  to  stand  in  the 
cold  for  24  hours  with  frequent  shaking  (64)* 

•Edtechrift  1  analyt  Chem.  1,  418.  tO<»nP^  '•n^  ^  101 
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FIFTH  QROXJP. 

OXIDE  OF  SILVER — SUBOXIDE  OF  MERCURY — OXIDE  OF  MERCURY — OXIDE 
OF  LEAD — TEROXIDE  OF  BISMUTH — OXIDE  OF  COPPER — OXIDE  OF 
CADMIUM. 

I.  Separation  of  the  Oxides  of  the  Fifth  Group  from  those  of 

THE  first  Four  Groups. 

§  162. 

Index: — The  Nos.  refer  to  those  in  the  mazgin. 

(knde  ofhUver  from  the  oxides  of  Groups  I. — IV.,  95,  96. 

Oxide  and  suboxide  of  mercury  from  the  oxides  of  Groups  L  — IV.  ,123,97. 

Osade  of  lead  from  i^e  oxides  of  Groups  L — IV.,  95,  98. 

Teroxide  ofHsmu^  from  the  oxides  of  Groups  L — IV.,  95,  96. 

Oxide  of  copper  from  the  oxides  of  Groups  I. — IV.,  95,  99,  100. 

**  **     oxide  of  zinc,  101. 

Oxide  of  cadmium  from  the  oxides  of  Groups  I.— IV.,  95. 
''  ''     oxide  of  zino,  103. 

A.    General  Method, 
All  the  Oxides  of  the  Fifth  Group  from  those  of  the  first 

Four  Groups. 

Principle  :  Sulphuretted  Hydrogen  precipitates  fro^n  Add  Solu- 
tions the  Metals  of  the  Fifth  Group^  hut  not  those  of  the  first  Four 
Groups, 

The  following  points  require  especial  attention  in  the  execution  of  95 
the  process : — 

a.  To  effect  the  separation  of  the  oxides  of  the  fifth  group  from 
those  of  the  first  three  groups,  by  means  of  sulphuretted  hydrogen,  it 
is  necessary  simply  that  the  reaction  of  the  solution  should  be  acid, 
the  nature  of  the  acid  to  which  the  reaction  is  due  being  of  no  con- 
sequence. But,  to  effect  the  separation  of  the  oxides  of  the  fifth 
group  from  those  of  i^e  fourth,  the  presence  of  a  free  mineral  acid 
is  indispensable ;  otherwise,  zinc  and,  under  certain  circumstances, 
also  cobalt  and  nickel  may  be  coprecipitated. 

p.  But  even  the  addition  of  hydrochloric  acid  to  the  fluid  will  not 
always  entirely  prevent  the  coprecipitation  of  the  zinc.  RivoT  and 
Bouquet*  declare  a  complete  separation  of  copper  from  zinc  by  means 
of  sulphuretted  hydrogen,  altogether  impracticable.  CxLVERTf  states 
that  he  has  arrived  at  the  same  conclusion.  On  the  other  hand, 
SpirgatisJ  concurs  with  H.  Kobe  in  maintaining  that  complete  sep- 
aration of  copper  from  zinc  may  be  effected  by  means  of  sulphuretted 
hydrogen,  in  presence  of  a  sufficient  quantity  of  free  acid. 

In  this  conflict  of  opinions,  I  thought  it  necessary  to  subject  this 
method  once  more  to  a  searching  investigation.  I  therefore  instructed 
one  of  the  students  in  my  laboratory,  Mr.  Grundmann,  to  make  a 
series  of  experiments  in  the  matter,  with  a  view  to  settling  the  question.  || 

The  results  obtained  proved  incontestably  that  copper  may  be 
completely  separated  from  zinc  by  sulphuretted  hydrogen,  if  the  fol- 
lowing instructions  are  strictly  complied  with : — 

Add  to  the  copper  and  zinc  solution  a  copious  amount  of  hydro* 
chloric  acid  (e.  g,j  to  0-2  grm.  of  oxide  of  copper  in  25  c.  c.  of  solu- 
tion, 10  c.  c  of  hydrochloric  acid  of  1*1  sp.  gr.),  conduct  into  the  fluid 

*  AnnaL  d.  Ghem.  u.  Pharm.  80.  864. 
t  Joan,  f .  prakk  Ghem.  71,  155.  %  Ibid.  58,  851.  |  Ibid.  78,  241. 
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Bulpburetted  hydrogen  Ifti'gely  in  excess,  filter  before  the  excesis  of 
sulphuretted  hydrogen  has  had  time  to  escape  or  become  decomposed, 
wash  with  sulphuretted  hydrogen  water,  dry,  I'oast,  redissolve  in  ni- 
trohydrochloric  acid,  evaporate  nearly  to  dryness,  add  water  and  hy- 
drochloric acid  as  above,  and  precipitate  again  with  sulphuretted 
hydrogen.  This  second  precipitate  is  free  from  zinc ;  it  is  treated  as 
directed  in  §  119,  3  (p.  230). 

If  cadmium  is  present,  a  portion  of  this  metal  is  likely  to  remain  in 
solution,  in  presence  of  the  large  amount  of  hydrochloric  acid  added. 
It  is  therefore  necessary,  in  that  case,  after  conducting  the  sulphur- 
etted hydrogen  gas  into  the  fluid,  to  add  saturated  sulphuretted  hy- 
drogen water  until  no  more  sulphide  of  cadmium  precipitates,  and 
then  to  proceed  as  for  the  separation  of  copper.  The  separation  of 
cadmium  from  zinc  requires  accordingly  also  a  double  precipitation 
with  sulphuretted  hydrogen,  if  the  quantity  of  zinc  is  in  any  way 
considerable.  However,  with  proper  attention  to  the  instructions 
here  given,  the  method  gives  perfectly  satisfactory  results. 

7.  The  other  metals  of  the  fifth  group  comport  themselves  in  this 
respect  similarly  to  cadmium,  i.  e.,  they  are  not  completely  precipi- 
tated by  sulphuretted  hydrogen  in  presence  of  too  much  free  acid  in 
a  concentrated  solution.  Lead  requires  the  least  amount  of  free  acid 
to  be  retained  in  solution ;  then  follow  in  order  of  succession,  cadmi- 
um, mercury,  bismuth,  copper,  silver  (M.  Martin*).  The  separa- 
tion of  these  metals  from  zinc  must,  therefore,  if  necessary,  be 
effected  by  the  same  process  as  that  of  cadmium  from  zinc  (3,  the  end). 

6.  If  hydrochloric  acid  produces  no  precipitate  in  the  solution,  it 
is  prefeiTed  as  acidifying  agent ;  in  the  contrary  case,  sulphuric  acid 
or  nitric  acid  must  be  used.  In  the  latter  case  the  fluid  must  bz 
rather  largely  diluted.  Eliot  and  STORERf  arrived  at  the  same 
3onclusion  as  ourselves,  and  showed  that  the  cause  of  Calvert's  unfa- 
\^orable  results  was  the  too  large  dilution  of  his  solutions.  For  to 
prevent  the  precipitation  of  zinc  you  have  not  merely  to  preserve  a 
sei'tain  proportion  between  the  zinc  and  the  free  acid,  but  also  a  cer- 
tain degree  of  dilution.  Although  I  agree  with  the  above-named 
chemists  in  the  opinion  that  it  is  possible  to  produce  a  condition  of 
the  fluid,  under  which  one  precipitation  will  effect  complete  separar 
•tion,  still  it  appeal's  to  me  better,  for  practical  purposes,  to  precipi- 
tate twico,  as  this  is  sure  to  Jead  to  the  desired  result. 

e.  Long  experience  in  the  separation  of  copper  from  nickel  (and  co- 
balt) has  led  me  to  the  opinion  that  a  double  precijiitation  is  unneces- 
«ary.  If  the  solution  which  is  to  be  treated  with  sulphuretted  hydrogen 
contains  enough  free  hydrochloric  acid  and  not  too  much  water,  the 
<x>pper  falls  down  absolutely  free  from  nickel,  while,  on  the  other  hand, 
if  the  quantity  of  fi*ee  acid  is  not  too  large,  the  filtrate  will  bo  quite  free 
<jpom  copper. 

B.   Special  Jfethods, 

SiNGi^  Oxides  of  the  Fifth  Group  from   Single  or  Mixed 

4»XIDES   OF   the   FiRST   FoUR    GrOUPS. 

1.  Silver  is  most  simply  and  completely  separated  from  the  oxides  96 

*  Joum.  f.  prakt.  Chem.  67,  371. 

\  On  the  Impurities  of  Commercial  Zinc,  &c. — Memoirs  of  the  American 
"ki  ademy  of  Arts  and  Sciences.     New  series.     Vol.  viii. 
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OF  THE  FiitST  FOUR  aBOUPS  by  meaus  of  hydrochloric  acid.  The  hy- 
drochloric acid  roust  not  be  used  too  largely  in  excess,  and  the  fluid 
must  be  sufficiently  dilute ;  otherwise  a  portion  of  the  silver  will  re- 
main in  solution.  Care  must  be  taken  also  not  to  omit  the  addition 
of  nitric  acid,  which  promotes  the  separation  of  the  chloride  of  silver. 
The  latter  should,  under  these  circumstances,  be  collected  and  washed 
on  a  filter  (p.  208  ^),  as  washing  by  decantation  would  give  too  large 
a  bulk  of  fluid. 

2.  The  separation  of  Mercury  from  the  metals  of  the  first  four  97 
GROUPS  may  be  effected  also  by  ignition,  which  will  cause  the  volati- 
lization of  the  mercury  or  the  mercurial  compound,  leaving  the  non- 
volatile bodies  behind.  The  method  is  applicable  in  many  cases  to 
alloys,  in  others  to  oxides,  chlorides,  or  sulphides.  If  the  mercury  is 
estimated  only  from  the  loss,  the  operation  is  conducted  in  a  crucible ; 
otherwise  in  a  bulb-tube,  or  a  wide  glass  tube  with  porcelain  boat. 

The  precipitation  of  mercury  as  subchloride  with  phosphorous  acid, 
according  to  §  118,  2  (p.  224)  is  also  well  adapted  for  its  separation 
from  metals  of  Group  IV.  If  the  mercury  is  alrefwiy  present  as  sub- 
oxide, it  may  be  separated  and  determined  in  a  simple  manner,  by 
precipitation  with  hydrochloric  acid  (§  117,  1). 

3.  From  those  Bases  which  form   soluble  salts  with  sul-  98 
PHURic  ACID,  oxide  OF  LEAD  may  be  readily  separated  by  that  acid. 
The  results  are  very  satisfactory,  if  the  niles  given  in  §  116,  3,  ai-e 
strictly  adhered  to. 

If  you  have  lead  in  presence  of  baryta,  both  in  form  of  suli)hate8, 
digest  the  precipitat-e  with  a  solution  of  ordinary  sesquicai'bonate  of 
ammonia,  without  application  of  heat.  This  decomposes  the  lead 
salt,  leaving  the  baryta  salt  unaltered.  Wash,  first  with  solution  of 
carbonate  of  ammobia,  then  with  water,  and  separate  finally  the  car- 
bonate of  lead  from  the  sulphate  of  baryta,  by  acetic  acid  or  dilute 
nitric  acid  (H.  Rose*).  The  same  object  may  also  be  attained  by 
suspending  the  washed  insoluble  salts  in  water  and  digesting  with  a 
clear  concentrated  solution  of  hyposulphite  of  soda  at  15 — 20°  (not 
higher).  The  sulphate  of  baryta  remains  undissolved,  the  sulphate 
of  lead  dissolves.  Determine  the  lead  in  the  filtrate  (after  §  116, 
2)  as  sulphide  of  lead  (J.  Lowe  f ). 

4.  Oxide  of  Copper  from  all  Oxides  of  the  first  Four 
Groups. 

a.  Acidify  the  solution  with  sulphuric  acid,  and  precipitate  the  99 
copper  according  to  §  1 19, 1,  c,  with  hyposvlpkUe  of  aodaSjA  subsul- 
phide,  and  determine  it  as  such  according  to  §  119,  3.     The  filtrate 
contains  the  other  bases.     Evaporate,  with  addition  of  nitric  acid, 
filter  and  determine  the  other  oxides  in  the  filtrate. ||     Results  good. 

•  Joum.  f  prakt.  Chem.  63.  166.  t  ll>id.  77,  75. 

%  The  commercial  salt  is  often  not  sufficiently  pore ;  in  which  case  some 
carbonate  of  soda  mnnt  be  added  to  its  solution,  and  the  mixture  filtered. 

I  As  far  back  as  1842,  C.  Himly  made  the  first  proposal  to  employ  hyposul- 
phite of  soda  for  the  precipitation  of  many  metals  as  snlphides  (AnnaL  d.  Chem. 
a  Pharm.  43,  150).  The  question,  after  long  neglect,  was  afterwards  taken  up 
•gain  by  Vohl.  (Annal.  d  Chem.  u.  Pharm.  96,  237),  and  Slater  (Chem.  Gaz. 
1855,  3({9).  Flajolot,  however,  made  the  first  quantitative  experiments  (Annal. 
des  Mines,  1853,  641 ;  .Joum.  f.  prakt.  Chem.  61, 105).  The  results  obtained  by 
hhn  are  perfectly  satisfactory. 
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It  has  been  stated  in  §  1 19, 1,  c,  that  the  solution  ought  to  be  fi^ee 
from  hydrochloric  and  nitric  acids ;  however,  this  is  not  absolutely 
necessary ;  only,  in  presence  of  hydrochloric  or  nitric  acid,  a  much 
larger  proportion  of  the  precipitant  is  required — in  presence  of  the 
former,  because  the  subchloride  of  copper  formed  is  decomposed 
only  by  a  large  excess  of  hyposulphite  of  soda ;  in  presence  of  tlie 
latter,  because  the  precipitant  begins  to  act  upon  the  copper  salt 
only  after  the  decomposition  of  the  nitric  acid. 

b.  Precipitate  the  copper  as  suhstdpkocyanide  according  to  §  1 19,  IOC 
3,  b  /  the  other  metals  remain  in  solution  (Kivot).  If  alkalies  were 
present  and  it  were  desired  to  determine  them  in  the  filtrate,  sul- 
phocyanide  of  ammonium  must  be  used  instead  of  the  potassium 
salt  usually  employed.  This  method  is  particulaiiy  well  adapted 
for  the  separation  of  copjier  fi-om  zinc.  The  zinc  can  be  precipitated 
at  once  from  the  filtitite  by  carbonate  of  soda.  The  method  is  also 
suitable  for  separating  copper  from  iron  (H.  EosE*) ;  in  this  case  it 
is  unnecessary  that  the  sesquioxide  of  iron  be  completely  reduced  by 
the  siUphurous  acid  added ;  the  separation  may  be  etfected,  even  if 
the  solution  becomes  blood-red  on  the  addition  of  the  precipitant. 

5.  Oxide  of  Coppeb  from  Oxide  of  Zinc. 

BoBiERREf  employed  the  following  method  with  satisfactory  101 
results  in  the  analysis  of  many  alloys  of  zinc  and  copper: — The 
alloy  is  put  into  a  small  porcelain  boat  lying  in  a  porcelain  tube, 
and  heated  to  redness  for  three-quarters  of  an  hour  at  the  most,  a 
rapid  stream  of  hydrogen  gas  being  conducted  over  it  diuing  the 
process.  The  zinc  volatilizes,  the  copper  remains  behind.  Lead 
also  (if  that  metal  be  present)  is  not  volatilized  in  this  process. 

6.  Teroxide  of  Bismuth  from  the  Oxides  of  the  first  Four 
Groups,  with  the  exception  op  Sesquioxide  of  Iron. 

Precipitate  the  bismuth  according  to  §  120,  4  (p.  234),  as  basic  102 
chloride,  and  determine  it  as  metal;   all  the  other  bases  remain 
completely  in  solution.     Results  very  satisfactory  (K.  Rose  J). 

7.  Oxide  of  Cadmium  from  Oxide  of  Zinc. 

Prepare  a  hydrochloric  or  nitric  acid  solution  of  the  two  ox- 103 
ides  as  neutral  as  possible,  add  a  sufficient  quantity  of  tartaric  acid, 
then  solution  of  potassa  or  soda,  until  the  reaction  of  the  clear 
fluid  is  distinctly  alkaline.  Dilute  now  with  a  sufficient  quantity 
of  water,  and  boil  for  1^ — 2  hours.  All  the  cadmium  precipitates 
as  hydrated  oxide  fi'ee  from  alkali  (to  be  determined  as  directed  § 
121),  whilst  the  whole  of  the  zinc  remains  in  solution;  the  latter 
metal  is  determined  as  directed  in  §  108,  1,  b  (Aubel  and  Ram- 
POHr|).     The  test-analyses  communicated  are  satisfactory. 

*  Pogg.  Annal.  110,  424. 

f  Compt.  rend.  86, 2d4 :  Joum.  1  prakt.  Chem.  58, 880^ 

1  Vogg.  Annal.  110,  429. 

I  Auial  d.  Chem.  u.  Pharm.  103,  88. 
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IL  Sepabatiok  or  thb  Oxides  of  the  Fifth  Gboup 

FBOII  EACH   OTHEB. 

§  163. 

Index  .'—The  No&  refer  to  those  in  the  margin. 

Oxide  cfsUver  from  oxide  of  copper,  104,  110,  111,  112,  122,  128, 124. 
"  oxide  of  cadmium,  104,  110,  112. 

'^  teroxide  of  bismuth,  104,  109,  112,  118. 

"  oxide  of  mercury,  104,  110,  112,  117,  110,  141. 

"  oxide  of  lead,  104, 107, 108, 109, 112, 123, 124. 

Ofgide  of  mercury  txomo^de  of  silver,  104,  110,  112,  117,  119,  141. 
^'  suboxide  of  mercury,  105. 

«  oxide  of  lead,  106,  108,  109,  112,  117,  119 

'*  teroxide  of  bismuth,  109,  112,  117. 

"  oxide  of  copper,  106,  111,  112, 117, 119. 

'^  oxide  of  cadmium,  106,  117. 

Suboxide  f^  mercury  from  oxide  of  mercury,  105. 

'^  oxide  of  copper,  106,  106,  119. 

*^  oxide  of  cadmium,  105,  106. 

''  oxide  of  lead,  105,  106,  lOS,  109,  119. 

Compare,  also,  oxide  of  mercury  from  the  other  metals. 
(kAd€  of  lead  from  oxide  of  aUver,  104,  108,  109,  112,  122,  123,  124. 
**  oxide  of  mercury,  104,  107,  108,  109,  112,  117, 119. 

"  oxide  of  copper,  108, 109,  112,  114. 

"  teroxide  of  bismuth,  108,  114,  120,  121. 

"  oxide  of  cadmium,  108,  109,  112. 

-Teroxide  cf  bimuth  from  oxide  of  sUver,  104,  109,  112,  120. 
<«  oxide  of  lead,  108,  114,  120, 121 

"  oxide  of  copper,  100, 112, 113, 120 

<«  oxide  of  cadmium,  109,  112,  118,  114,  116L 

"  oxide  of  mercury,  109,  112, 117 

Oxide  of  copper  from  oxide  of  silver,  104,  110,  111,^112,  122,  123.  )94. 
"  oxide  of  lead,  108, 109, 112, 114. 

'^  •  teroxide  of  bismuth,  109, 112, 113, 120. 

"  oxide  of  mercury,  106,  HI,  112, 117, 119. 

"  oxide  of  cadmium.  111,  112, 114, 115,  lia 

Oxide  of  cadmium  from  oxide  of  silver,  104, 110, 112. 
'^  oxide  of  lead,  108, 109, 112. 

»*  teroxide  of  bismuth,  109, 112, 113, 114, 116. 

"  oxide  of  copper.  111,  112, 114, 115, 118. 

"  oxide  of  mercury,  106, 117. 

1.  Methods  based  upon  Uie  Insolubility  of  certain  cfHie  ChUh 
rides, 

a.  Oxide  of  Silver  from  Oxide  op  Copper,  Oxide  op  C.vdmium, 
Teboxide  of  Bismuth,  Oxide  of  Mercury,  akd  Oxide  of  Lead. 

a.  To  separate  oxide  of  silver  from  oxide  of  copper^  oxide  of  cad'  104 
mium,  and  teroxide  of  bismutJi,  add  to  the  nitric  acid  solution  con 
taining  excess  of  nitric  acid,  hydrochloric  acid  as  long  as  a  precipi- 
tate forms,  and  separate  the  precipitated  chloride  of  silver  from  th« 
solution  which  contains  the  other  oxides,  as  directed  §  115, 1,  a. 

0.  If  you  wish  to  separate  oxide  of  mercury  from  (Keide  of  sUvei 
by  hydrochloric  acid,  special  precautions  must  be  taken,  as  a  solution 
:i  nitrate  of  mercury  possesses  the  property  of  dissolving  chloride 
of  silver  (Wackenroder,  v.  Liebig*).     Although  the  chloride  oi 

*  Annal.  d.  Chem.  u.  Phann.  81, 1S& 
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silver  in  solution  for  the  most  part  separates  on  the  addition  of 
enough  hydrochloric  acid  to  convert  the  nitrate  of  mercury  into 
chloride,  or  on  addition  of  acetate  of  sodny  still  we  cannot  depend 
upon  the  complete  precipitation  of  the  silver.  On  this  account, 
mix  the  nitric  acid  solutiop — ^which  may  not  contain  any  suboxide 
of  mercury,  and  is  to  be  in  a  sufficiently  dilute  condition  and  acidi- 
fied with  nitiic  acid — with  hydrochloric  acid,  as  long  as  a  precipi- 
tate forms.  Allow  to  deposit,  filter  off  the  clear  fluid,  heat  the  pre- 
cipitate— ^to  free  it  from  any  possibly  coprecipitated  basic  mercury 
salts — with  a  little  nitric  acid,  add  water,  then  a  few  drops  of  hy- 
drochloric acid,  and  filter  off  the  chloride  of  silver.  In  the  filtrate 
determine  the  mercury  as  sulphide  (§  118,  3),  and  finally  test  this 
for  silver,  by  ignition  in  a  8ti*eam  of  hydrogen — any  silver  that 
may  happen  to  be  present  will  remain  behind  in  the  metallic  state. 

y.  In  the  separation  of  s\lveT  from  had^  the  precipitation  is  also 
preceded  by  addition  of  acetate  of  soda.  The  fluid  must  be  hot 
and  the  hydrochloric  acid  rather  dilute ;  no  more  must  be  added  of 
the  latter  than  is  just  necessary.  In  this  manner  the  separation 
may  be  readily  effected,  since  chloride  of  lead  dissolves  in  acetate 
of  soda  (Anthon).  The  lead  is  thrown  down  from  the  filtrate  by 
sulphuretted  hydrogen. 

0.  Tlie  volumetric  method  (§  115,  5)  is  usually  resorted  to  in 
the  mint  to  determine  the  sHver  in  alloys.  In  presence  of  oxide  of 
mercury,  acetate  of  soda  is  mixed  with  the  fluid  immediately  before 
the  addition  of  the  solution  of  chloride  of  sodium. 

« 

6.  Suboxide  of  Mercury  from  Oxide  of  Mercury,  Oxide  of 
Copper,  Oxide  of  Cadmiith,  and  Oxide  of  Lead. 

Mix  the  highly  dilute  cold  solution  with  hydrochloric  acid,  as  105 
long  as  a  precipitate  (subchloride  of  mercury)  fonns ;  allow  this  to 
deposit,  filter  on  a  weighed  filter,  dry  at  100°,  and  weigh.  The 
filtrate  contains  the  other  oxides.  If  you  have  to  analyse  a  solid 
body,  insoluble  in  water,  either  tieat  directly,  in  the  cold,  with 
dilute  hydrochloric  acid,  or  dissolve  in  highly  dilute  nitric  acid, 
and  mix  the  solution  with  a  large  quantity  of  water  before  pro- 
oeetling  to  precipitate.  Care  must  always  be  taken  that  the  mode 
of  solution  is  such  as  not  to  endanger  the  oxidation  of  the  sub- 
oxide of  mercury.  If  lead  is  present  the  washing  of  the  subchlo- 
ride must  be  executed  with  special  care  with  water  of  60 — 70°,  till 
the  filtrate  ceases  to  be  colored  with  sulphuretted  hydrogen.  As 
an  additional  security,  it  is  well  to  test  at  last  whether  the  weighed 
subchloride  leaves  no  sulphide  of  lead  behind  on  cautious  ignition 
with  sulphur  in  a  stream  of  hydrogen. 

c.  Oxide  and  Suboxide  of  Mercury  from  Oxide  of  Copper, 
Oxide  of  Cadmium,  and  (but  less  well)  from  Oxide  of  Lead. 

If  merctiry  is  present  as  oxide  or  as  oxide  and  suboxide,  it  is  106 
precipitated  according  to  §  118,  2,  a,  by  means  of  hydiX)chloric 
acid  and  phosphorous  acid  as  subchloride.     The  precipitate,  partic- 
olarly  when  bismuth  is  present,  is  first  washed  with  water  con- 
taining hydrochloric  acid,  then  with  pure  water,  tiU  the  washings 
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are  no  longer  colored  with  sulphuretted  hydrogen  (H.  Kobe*).     In 
the  presence  of  lead,  the  remarks  in  106  must  be  attended  to. 

d.  Chloride  of  Lead  and  Chloride  of  Silver  may  be  separlO? 
rated  also  by  solution  of  ammonia,  which  dissolves  the  latter,  leav- 
ing the  former  behind  as  basic  cliloride  of  lead.  Bear  in  mind  that 
the  chloride  of  silver  must  be  recently  precipitated,  and  with  ex- 
clusion of  light.  The  chloride  of  silver  is  thrown  down  from  the 
ammoniacal  solution  by  nitiic  acid.  It  is  necessary  to  test  the 
fluid  filtered  from  the  chloride  of  silver  with  sulphuretted  hydrogen 
to  ascertain  whether  weigh  able  quantities  of  chloride  of  silver  may 
not  be  retained  in  solution  by  the  agency  of  the  ammonia  salts. 

2.  Methods  based  upon  the  iTisolvhUity  of  SulphcUe  of  Lead, 

Oxide  of  Lead  from  all  other  Oxides  of  the  Fifth  Group. 

Mix  the  nitric  acid  solution  with  pure  sulphuric  acid  in  not  too  108 
slight  excess,  evaporate  until  the  sulphuric  acid  begins  to  volatilize, 
allow  the  fluid  to  cool,  add  water  (in  which,  if  there  is  a  sufficient 
quantity  of  free  sulphuric  acid  present,  the  sulphates  of  mercury 
and  of  bismuth  dissolve  completely),  and  then  filter  the  solution, 
which  contains  the  other  oxides,  untlwut  dday^  from  the  undissolvod 
sulphate  of  lead.  Wash  the  precipitate  with  water  containing  sul- 
phuric acid,  displace  the  latter  with  spirit  of  wine,  dry,  and  weigh 
(§  116,  3).  Precipitate  the  other  oxides  from  the  filtrate  by  sul- 
phuretted hydrogen.  If  oxide  of  silver  is  present  in  any  notable 
quantity,  this  method  cannot  be  recommended,  as  the  sulphate  of 
alver  is  not  soluble  enough.  In,  this  case  you  may  follow  Eliot 
and  STORER,f  viz.,  mix  the  solution  with  nitrate  of  ammonia,  waim, 
precipitate  the  greater  portion  of  the  silver  with  chloride  of  ammo- 
nium, evaporate  the  filtrate,  remove  the  ammonia  salts  by  ignition, 
and  in  the  residue  separate  the  small  remainder  of  the  silver  from 
the  lead  with  sulphuric  acid  as  just  directed.  For  the  sepai*ation 
of  lead  from  hismutJi,  on  the  above  principle,  H.  Rose  J  gives  the 
following  process  as  the  best.  K  both  oxides  are  in  dilute  nitric 
acid  solution,  as  is  usually  the  case,  evaporate  to  small  bulk,  and 
add  enough  chloride  of  ammonium  to  dissolve  all  the  teroxide  of 
bismuth ;  the  lead  separates  partially  as  chloride.  Should  a  por- 
tion of  the  clear  fluid  poured  ofl*  become  turbid  on  the  addition  of 
a  drop  of  water,  you  must  add  some  more  hydrochloric  acid,  till  no 
permanent  turbidity  is  pi*oduced  unless  several  drops  of  water  are 
added.  The  turbid  fluids  should  all  be  returned,  and  the  glasses 
rinsed  with  alcohol.  Add  now  dilute  sulphuric  acid,  allow  to  stand 
some  time  with  stirring,  add  spirit  of  wine  of  0*8  sp.  gr.,  stir  well, 
allow  to  settle  for  a  long  time,  filter,  wash  the  sulphate  of  lead  first 
with  alcohol,  mixed  with  a  small  quantity  of  hydrochloric  acid, 
then  with  pure  alcohol.  Determine  it  after  §  116,  3.  Mix  the  fil- 
trate at  once  with  a  large  quantity  of  water,  and  proceed  with 
the  precipitated  basic  chloride  of  bismuth  according  to  §  120,  4 
(p.  234). 

•  Pogg.  Amial.  110,  584. 

f  Proceedings  of  the  American  Academy  of  Arts  and  Sdenoes,  Sept.  11,  I8OO4 
h.  S$ ;  Zeitflchrift  1  Analyt  Ghem.  1,  889. 
iPogg.  AxmaLllO,  432. 
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3.  Diffwtnt  Deportment  of  the  Oxides  and  Svlphidea^  wiA 
Cyanide  of  Potassium  (Fresenius  and  Haidusn  *). 

a.  Oxide  of  Lead  and  Teroxide  of  Bismuth  from  all  other 
Oxides  of  the  Fifth  Group. 

Mix  the  dilute  solution  with  carbonate  of  soda  in  slight  excess,  add  109 
solution  of  cyanide  of  potassium  (free  ^m  sulphide  of  potassium), 
neat  gently  for  some  time,  filter,  and  wash.  On  the  filter  you  have 
carbonate  of  lead  and  of  bismuth,  containing  alkali ;  the  filtrate  con- 
tains the  other  metals  as  cyanides  in  combination  with  cyanide  of 
potassium.  The  method  of  effecting  their  further  separation  will 
be  learnt  from  what  follows. 

b.  Oxide  of  Silver  from  Oxide  of  Mercury,  Oxide  of  C!opper, 
AND  Oxide  of  Cadmium. 

Add  to  the  solution,  which,  if  it  contains  much  free  acid,  must  UQ 
previously  be  nearly  neutralized  with  soda,  cyanide  of  potassium 
until  the  precipitate  which  forms  at  first  is  redissolved.  The  solu- 
tion contains  the  cyanides  of  the  metals  in  combination  with  cya- 
nide of  potassium  as  soluble  double  salts.  Add  dilute  nitric  acid 
in  excess,  which  effects  the  decomposition  of  the  double  cyanides ;  the 
insoluble  cyanide  of  silver  precipitates  permanently,  whilst  the  cya- 
nide of  mercury  remains  in  solution,  and  the  cyanides  of  copper  and 
cadmium  redissolve  in  the  excess  of  nitric  acid.  Treat  the  cyanide 
of  silver  as  directed  §  115,  3,  or  convert  it  into  the  metallic  state 
by  ignition  in  a  procelain  crucible  till  the  weight  remains  constant. 
If  the  filtrate  contains  only  mercury  and  cadmium,  precipitate  at 
once  with  sulphuretted  hydrogen,  which  completely  throws  down 
the  sulphides  of  the  two  metals ;  but  if  it  contains  copper,  you 
must  first  evapoi*ate  with  sulphuric  acid,  until  the  odor  of  hydro- 
cyanic acid  is  no  longer  perceptible,  and  then  precipitate  with  sul- 
phuretted hydrogen,  or  with  solution  of  potassa  or  soda  (§  1 19,  3 
or  1). 

c.  Oxide  of  Copper  from  Oxide  of  Silver,  Oxide  of  Mercurt, 
AND  Oxide  of  Cadmium. 

Mix  the  solution,  as  in  &,  with  cyanide  of  potassium  until  111 
the  precipitate  which  is  first  thrown  down  redissolves ;  add  some 
more  cyanide  of  potassium,  then  sulphuretted  hydrogen  water  or 
sulphide  of  ammonium,  as  long  as  a  precipitate  forms.  The  sul- 
phides of  silver,  cadmium,  and  mercury  are  completely  thrown 
down,  whilst  the  copper  remains  in  solution,  as  sulphide  dissolved 
in  cyanide  of  potassium.  Allow  the  precipitate  to  subside,  decant 
repeatedly,  treat  the  precipitate,  for  security,  once  more  with  solu- 
tion of  cyanide  of  potassium,  heat  gently,  filter,  and  wash  the  sul- 
phides of  the  metals.  To  determine  the  copper  in  the  filtrate,  evapo- 
rate the  latter,  with  addition  of  nitric  and  sulphuric  adds,  until 
there  is  no  longer  any  odor  of  hydi'ocyanic  acid  perceptible,  and 
then  precipitate  with  solution  of  potassa  or  soda  (§  119,  1),  or  deter- 
mine it  as  subsulphide  (§  119,  3). 

d.  All  the  Metals  of  the  Fifth  Group  from  each  other. 

Mix  the  dilute   solution  with  carbonate   of  soda,  then  with  112 

^  ■  ■       ■  ■* 

*  AnnaL  d.  Chem.  a.  Pharm.  48,  129. 
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cyanide  of  potassium  in  excess,  digest  some  time  at  a  gentle  heat^ 
and  filter.  On  the  filter  you  have  carbonate  of  lead  and  of  bia- 
muth,  containing  alkali ;  separate  the  two  metals  by  a  suitable 
method.  Add  to  the  filtrate  dilute  nitric  acid  in  excess,  and  filter 
the  fluid  from  the  precipitated  cyanide  of  silver,  which  determine 
as  directed  §  115,  3.  Neutralize  the  filtrate  with  carbonate  of  soda, 
add  cyanide  of  potassium,  and  pass  sulphuretted  hydrogen  in  ex- 
cess. Add  now  some  more  cyanide  of  potassium,  to  redissolve  the 
sulphide  of  copper  which  may  have  fallen  down,  and  filter  the  fluid, 
which  contains  the  whole  of  the  copper,  from  the  precipitated  sul- 
phide of  mercury  and  sulphide  of  cadmium.  Determine  the  copper 
as  directed  in  c,  and  separate  the  mercury  and  cadmium  as  in  i06« 

4.  JFormation  and  Separation  of  insoluble  Sasic  Salts, 

Teroxide  of  Bismuth  from  Oxide  of  Copper  and  Oxide  of 
Gaomiuu  (also  from  the  oxides  of  the  first  four  groups,  with  the  ex- 
ception of  oxide  of  iron). 

Precipitate  the  bismuth  as  basic  chloride  according  to  §  120,  4  (p.  118 
234)  and  throw  down  the  copper  and  cadmium  in  the  filtrate  by  sul- 
phuretted hydrogen.     Kesults  thoroughly  satisfactory  (H.  BosE  *). 

Teroxidb  of  Bismuth  from  Oxide  of  liEAD  and  Oxide  of 
Cadmium. 

Separate  the  bismuth  according  to  §  120, 1,  c,  as  basic  nitrate,  and  114 
precipitate  the  lead  and  cadmium  in  the  filtrat^  hj  sulphui^etted  hy- 
drogen.    Results  very  satisfeu^tory  (J.  L5wEf). 

Teroxide  of  Bismuth  and  Oxide  of  Copper  from  Oxide  of 
Lead  and  Oxide  of  Cadmium. 

Separate  the  bismuth  after  §  120,  1,  <;,  as  basic  nitrate,  then  heat 
the  dish  on  the  water-bath  till  the  neutral  nitrate  of  copper  is  com- 
pletely converted  into  bluish-green  basic  salt  and  no  blue  solution  , 
is  produced  on  addition  of  water.  Allow  to  cool,  treat  with  an 
aqueous  solution  of  nitrate  of  ammonia  (1  in  500),  filter,  wash  with 
the  same  solution,  and  separate  in  the  solution  lead  fi-om  cadmium ; 
in  the  residue  copper  from  bismuth.  Besults  very  satisfactory 
(J«  Lowe,  loc,  ciL), 

6.  Precipitation  of  the  Copper  as  SabsvlpKocyanide. 

Oxide  of  Copper  from  Oxide  of  Cadmium  [and  the  oxides  of 
Groups  I. — IV.  (Comp.  100-)] 

Precipitate  the  copper  according  to  §   119,  3,  &,  as  subsulpho-  US 
cyanide  (Rivot),  and  the  cadmium  from  the  filtrate  as  sulphide.   Be- 
Kolts  good  (H.  Bose). 

6.  Different  Deportment  of  tlie  Chromates, 

Bismuth  from  Cadmium. 

Precipitate  the  bismuth  as  directed  §  120,  2.     The  filtrate  con- 116 
tains  the  whole  of  the  cadmium.     Concentrate  by  evaporation,  and 
then  precipitate  the  cadmium  by  the  cautious  addition  of  carbonate 
of  soda,  as  directed  §  121,  1,  a  (J.  LoWE,J  W.  Pearson]).     The 
results  are  said  to  be  satisfactory. 

*  Pogg.  AiiniO.  110,  430.  f  Jouru.  f.  prakt.  Chem.  74,  345. 

X  Jonm.  f  prakt.  Chem.  07,  460.  jj  Phil.  Mag.  zi  204. 
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7.  IKff«re^it  Dtporlment  of  Oie  Sidphida  tinth  Aeida. 

a.  Oxide   of  Mbrcury  frou  Silver,  Bishdth,  Coppeb,   C*l>- 
Hiuu,  AKD  (but  lesa  well)  from  Lead. 

Boil  the  thoroughly  washed  precipitated  sulphides  with  perfectly  1X7 
pure  moderately  dilute  nitric  acid.  The  sulphide  of  mercury  is 
left  undissolved,  the  other  sulphides  are  dissolved.  Absence  of 
chlorine  is  indittpensable.  G.  v.  Rath*  employed  this  method, 
which  is  so  universally  used  in  qualitative  analysis,  with  perfect 
success  for  the  separation  of  mercury  from  bismuth. 

b.  Oxide  op  Coppee  from  Oxide  of  Cadmium, 

Boil  the  well-washed  precipitates  of  the  sulphides  with  dilute  118 
sulphuric  acid  (1  psrt  concentrated  acid  and  5  parts  water),  and, 
after  some  time,  filter  the  undissolved  sulphide  of  copper,  to  be  de- 
termined according  to  g  119,  3,  from  the  solution  containing  the 
vhole  of  the  cadmium  (A.  W.  HoFUAHnf). 

8.    VolaiUitj/  oftoTM)  of  the  MetaU,  Oxidei,  CldorideM,  or  S«l- 
phideg, 
a,  l^ERcuRV  FROM  Silver,  Lead,  Copper  (in  general  from  the  119 
metals  forming  non- volatile  chlorides). 


Ftg.  oa 

Precipitate  with  sulphuretted  hydrogen,  collect  the  precipitated 
mlphides  on  a  weighed  filter,  dry  at  100°,  weigh,  and  nux  uni- 
formly. Introduce  an  aliquot  part  into  the  bulb  J>  (fig,  08),  [bet- 
ter into  a  porcelain  tray  contained  in  a  plain  piece  of  Bohemian  com- 
bustion tube  bent  like  D,  0,]  pass  a  slow  stream  of  chlorine  gas 
(see  p.  324),  and  apply  a  gentle  heat  to  the  bulb,  increasing  this 
gradually  to  faint  redness.     Connect  G  during  the  operation  with 

Togg.  Annsl.  00,  S£S.  f  Annal  d.  Ohem.  u.  Fharm.  113,386. 
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a  carboy  contajning  moist  hydrate  of  lime.  First  chloride  of  sul- 
phur distils  over,  which  decomposes  with  the  water  in  the  tubes  JE 
and  J^(p.  325)  ;  then  the  chloride  of  mercury  formed  volatilizes,  con- 
densing partly  in  the  receiver  E^  partly  in  the  hind  part  of  the  tube 
0,  Cut  off  that  part  of  the  tube,  [or  withdraw  the  tray,]  rinse  the 
sublimate  with  water  into  jE^,  and  mix  the  contents  of  the  latter 
with  the  water  in  F,  Warm  the  solution  until  the  smell  of  chlor- 
ine has  gone  off,  and  then  determine  in  the  fluid  filtered  from  the 
sulphur  which  may  still  remain  undissolved,  the  mercury  as  di- 
rected §  118.  If  the  residue  consists  of  chloride  of  silver  alone,  or 
chloride  of  lead  alone,  you  may  weigh  it  at  once ;  but  if  it  contains 
several  metals,  you  must  reduce  the  chlorides  by  ignition  in  a  sti-eam 
of  hydrogen  gas,  and  dissolve  the  reduced  metals  in  nitric  acid,  for 
their  ulterior  separation.  Bear  in  mind  that,  in  presence  of  lead, 
the  sulphides  and  the  chlorides  must  be  heated  gendy^  in  the 
chlorine  and  hydrogen  respectively,  otherwise  some  chloride  of  lead 
might  volatilize. 

If  it  is  intended  to  determine  the  mercury  by  the  difference,  in- 
stead of  in  the  direct  way,  the  apparatus  may  be  much  simplified. 
In  this  case,  however,  great  care  must  be  bestowed  on  the  drying  of 
the  sulphides  at  100°,  because,  for  instance,  the  sulphide  of  lead 
on  drying  first  becomes  lighter  from  loss  of  moisture,  then  gradually 
heavier  again  by  absorption  of  oxygen.  Hence  the  method  should 
only  be  adopted  when  a  small  quantity  only  of  another  metal  is 
present  with  the  mercury.  Weigh  the  dried  precipitate  every  half 
hour,  and  take  the  lowest  weight  as  the  correct  one.  Then  ignite 
an  aliquot  part  of  the  precipitate  in  the  stream  of  hydrogen  in  a 
crucible  with  perforated  cover,  or  in  a  tube  with  porcelain  tray. 
The  method  cannot  be  applied  unless  only  one  metal  is  present  with 
the  mercury.  From  the  residue  in  the  ci-ucible  or  boat  reckon  how 
much  the  whole  precipitate,  dried  at  100°,  would  have  yielded, 
then  calculate  the  result  into  sulphide,  in  which  form  the  substance 
was  contained  in  the  dried  precipitate — the  difference  is  sulphide 
of  mercury. 

By  ignition  in  hydrogen  sulphide  of  silver  pelds  the  metal,  sul- 
phide of  copper  yields  the  subsulphide,  sulphide  of  lead  remains  im- 
altereil.     Results  good. 

In  alloys  or  mixtures  of  oxides  the  mercury  may  usually  be  de- 
termined with  simplicity  from  the  loss  on  ignition. 

h.  Teroxide  op  Bismuth  from  Oxide  of  Silver,  Oxide  of 
Lead,  and  Oxide  of  Copper. 

The  separation  is  effected  exactly  in  the  same  way  as  that  of  mer- 120 
cury  from  the  same  metals  (119).  1^^  method  is  more  especially 
convenient  for  the  separation  of  the  metals  in  alloys.  Care  must 
be  taken  not  to  heat  too  strongly,  as  othervnse  chloride  of  lead 
might  volatilize ;  nor  to  discontinue  the  application  of  heat  too  soon, 
as  otherwise  bismuth  would  remain  in  the  residue.  Put  water  con- 
taining hydrochloric  acid  in  the  tubes  E  and  i^(fig.  68),  and  de- 
termine the  bismuth  therein  according  to  §  1 20. 

9.    Precipitation  of  one  Meted  by  another  in  tlie  Metallic  State, 

Oxide  of  Lead  from  Teroxide  of  Bismuth. 
Precipitate  the  solution  with  carbonate  of  ammonia,  wash  the  121 

25 
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precipitated  carbonates,  and  dissolye  in  acetic  acid,  in  a  flask  ;  pLice 
a  weighed  rod  of  pure  lead  upright  in  the  solution  and  nearly  fiU 
up  with  water,  so  that  the  rod  may  be  entirely  covei^  by  the  fluid ; 
close  the  flask,  and  let  it  stand  for  about  12  hours,  with  occasional 
shaking.  Wash  the  pi'ecipitated  bismuth  ofl*  from  the  lead  rod, 
collect  on  a  filter,  wash,  and  dissolve  in  nitric  acid ;  evaporate  the 
solution,  and  determine  the  bismuth  as  directed  §  120.  Detennine 
the  lead  in  the  flltrate  as  directed  §  1 16.  Dry  the  leaden  rod,  and 
weigh ;  subtract  the  loss  of  weight  which  the  rod  has  suffered  in 
the  process,  from  the  amount  of  the  lead  obtained  from  the  filtrate 
(TJllgren). 

10.  Separation  of  Silver  by  Cupdlation, 

CuPELLATiOK  was  formerly  the  imiversal  method  of  determining  122 
SILVER  in  alloys  with  copper,  lead,  &c.  The  alloy  is  fused  to- 
gether with  a  suflicient  quantity  of  pure  lead  to  give  to  1  part  of  sil- 
ver 16  to  20  parts  of  lead,  and  the  fused  mass  is  heated,  in  a  muffle, 
in  a  small  cupel  made  of  compressed  bone-ash.  Lead  and  copper 
are.  oxidized,  and  the  oxides  absorbed  by  the  cupel,  the  silver  being 
left  behind  in  a  state  of  purity.  One  part  by  weight  of  the  cupel 
absorbs  the  oxide  of  about  2  parts  of  lead ;  the  quantity  of  the  sam- 
ple to  be  used  in  the  experiment  may  be  estimated  accordingly. 
This  method  is  one  of  the  safest  processes  to  determine  very  small 
quantities  of  silver  in  alloys.*  With  regard  to  details,  I  refer  to 
the  "  Silver  Assay,"  §  226. 

11.  Volumetric  Determination  of  Silver  in  Ptesence  of  Lead 
and  Copper, 

See  §  115,  5,  IL  (p.  215).  128 

12.  Methods  based  on  the  behavior  of  Am/nwniatal  Solutions 

of  ^SubcMoride  of  Copper  and  of  Oxide  of  Silver  toith 
ea>ch  other. 

If  you  pour  a  solution  of  ammonio-subchloride  of  copper,  contain- 
ing large  excess  of  ammonia,  into  a  solution  of  nitrate  of  silver  like- 
wise supersaturated  with  ammonia,  a  precipitate  of  metallic  silver 
is  immediately  formed. 

On  this  reaction  Millon  and  CommailleI  base  the  following 
methods  of  separation : — 

a.  Determination  of  Oxide  of  Silver  in  presence  of  Oxide 
OF  Lead  and  Oxide  of  Copper. 

Mix  with  ammonia  in  excess,  filter,  add  excess  of  ammonio-8ub-124 
chloride  of  copper,  allow  the  precipitate  to  subside,  filter  it  ofl*,  wash 
with  ammoniacal  water,  ignite,  and  weigh.  The  test-analyses  that 
have  been  adduced  are  perfectly  satis&ctory.  Very  small  quanti- 
ties of  the  precipitated  metallic  silver  I  should  prefer  to  dissolve  in 
nitric  acid,  evaporating  to  dryness,  and  determining  the  silver  after 
Pi8ANi*s  method  (p.  215). 

b.  Determination  of  Suboxide  of  Copper  in  the  presence 
OF  the  Oxide. 

*  Compare  Malagati  and  Durocher,  Oompt.  rend.  29,  089 ;  Dlagler,  116,  ST6. 
t  Gompt.  rend.  56,  800 ;  Zeitschrift  1  analyt.  Chem.  2,  212. 
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Dissolve  the  compound  in  hydrochloric  acid,  add  excess  of  am- 125 
monia,  then  excess  of  solution  of  nitrate  of  silver,  which  has  been 
mixed  with  so  much  ammonia  that  no  separation  of  chloride  of  sil- 
ver can  take  place.  All  these  operations  must  be  performed  in  an 
apparatus  through  which  hydrogen  (washed  with  ammoniacal  silver 
solution)  is  passing.  The  precipitated  silver  is  finally  determined 
AS  in  124*  ^  eq.  of  the  same  corresponds  to  1  eq.  Cu^  O  or  Cu^  CI. 
The  total  amount  of  the  copper  is  best  determined  in  another  por- 
tion of  the  substance. 

SIXTH  OBOUP. 

nBOXIDE  OF  GOLD — BINOXIDE  OF  PLATINUM — PROTOXIDE  OP  TIN — 
BINOXIBB  OF  TIN — TEROXIDE  OF  ANTIMONY — (aNTIMONIO  ACID) 
ARSBNIOUS   ACID — ^ARSENIC  ACID. 

L  Separation  op  the  Oxides  of  the  Sixth  Group  from 
THE  Oxides  of  the  first  Five  Groups. 

§  164. 

Index  : — The  Nos.  refer  to  those  in  the  margpin. 
Gold,  from  the  oxides  of  Groups  L— III..  126, 181. 

"  IV.,  126,  129,  131. 

"  Mlver,  139,  146. 

"  mercury,  129,  131,  141. 

**  lead,  129,  150. 

**  copper,  129, 181. 

•*  bismuth,  129,  181,  150. 

**  cadmium,  129,  131. 
Ptaiinwni  from  the  oxides  of  Groups  I. — ^IIL,  126. 

"  '*                     IV.,  126, 130, 183. 

"  silver,  130. 

•*  mercury,  130,  132. 

"  lead,  130. 

"  copper,  130,  132. 

«*  bismuth,  130,  132. 

««  cadmium,  130,  132. 
Tin  from  the  oxides  of  Groups  L  and  II.,  126, 134,  140. 

"  ''      X                in.,  126,  184. 

"  rinc,  126, 128,  133,  134 

^<  manganese,  126,  128,  134. 

"*  nickel  and  cobalt,  126, 128, 133, 184, 189. 

•*  tton,  126.  128. 

**  sUver,  127,  128. 133, 189. 

"  mercury,  127,  128,  133. 

«  lead,  127,  128, 133,  139. 

*♦  copper,  127,  128,  183,  184,  189. 

**  bismuth,  127,  128. 

♦*  cadmium,  127, 128,  138. 

dnUmanv  from  the  oxides  of  Groups  I.  and  IL,  126,  llflL 

**  ''                      m.,  126. 

**  sine,  126,  128. 

^*  manganese,  126, 198. 

««  nickel  and  cobalt,  126,  128, 188, 180. 

*♦  iron,  126,  128,  137. 

*•  «lver,  127, 128,  139. 

«*  mercury,  127, 128,  185,  147. 

••  lead,  127, 128, 189,  149. 

«  copper,  127,  128, 187. 

**  bismuth,  127,  128. 

M  cadmium,  127,  12a 
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Anemc  ttom  oxides  of  Group  I.,  126, 140, 144, 145. 

"  "  IL,126, 136, 140,144,145, 148 

**  **  IJI    126  143  144 

"  Einc,  126, 128,  136, 142, 144,  145. 

"  manganese,  126,  128, 136,  142,  143,  144,  145. 

**  nickel  and  cobalt,  126,  128, 136,  138, 139, 142, 

148.  144  145. 

•*  iron,  126,  128,  136,  137,  142,  143, 144. 

"  diver,  127,  128,  136,  139,  144. 

"  mercury,  127,  128,  136,  144,  147. 

"  lead,  127,  128,  136,  139,  142,  144,  148. 

"  copper,  127,  128,  136,  137,  139,  142,  143,  144. 

**  bismuth,  127, 128,  136,  144. 

"  cadmium,  127,  128, 136,  143,  144. 

A.    General  Mediods, 

1.  3fetIiod  based  upon  the  Precipitation  of  the  Oxides  of  the 
Sixth  Group  from,  Acid  Solutions  by  Svlphwretted  Hydrogen, 

All  Oxides  of  the  Sixth  Qboup  from  those  of  the  first 
Four  Groups. 

Conduct  into  the  acid  *  solution  sulphuretted  hydrogen  in  excess,  180 
and  filter  off  the  precipitated  sulphides  (corresponding  to  the  oxides 
of  the  sixth  group). 

The  points  mentioned  O69  ^y  0j  and  y  must  also  be  attended  to 
here.  As  i-egards  7,  antimony  and  tin  are  to  be  inserted  between 
cadmium  and  mercury,  in  the  order  of  metals  there  given.  With 
respect  to  the  particular  conditions  required  to  secure  the  proper 
precipitation  of  cei^tain  metals^  of  the  sixth  group,  I  refer  to  Section 
IV.     I  have  to  remark  in  addition : — 

a.  That  sulphuretted  hydrogen  fails  to  separat-e  arsenic 4icid  from 
oxide  of  zinc,  as,  even  in  presence  of  a  large  excess  of  acid,  the 
whole  or  at  least  a  portion  of  the  zinc  pi'ecipitates  with  the  arsenic 
as  Zn  S,  As  S5  (Wohler).  To  secure  the  separation  of  the  two 
bodies  in  a  solution,  the  arsenic  acid  must  first  be  converted  into 
arsenioua  acid,  by  heating  with  sulphurous  acid,  before  the  sulphu* 
retted  hydrogen  is  conducted  into  the  fluid. 

j3.  That  in  presence  of  antimony,  tai'taric  acid  should.be  added, 
as  otherwise  the  sulphide  of  antimony  will  contain  chloride. 

2.  Method  based  upon  the  Solubility  of  the  Sulphides  of  Metals 

of  the  Sixth  Group  in  Svlj^hides  of  tlie  Alkali  Metals, 

a.  The  Oxides  of  Group  VI.  (with  the  exception  of  Gold  and  127 
Platinum)  from  those  of  Group  V. 

Precipitate  the  acid  solution  with  sulphuretted  hydrogen,  paying 
due  attention  to  the  directions  given  in  Section  TV.  under  the 
heads  of  the  several  metals,  and  also  to  the  remarks  in  126*  The 
precipitate  consists  of  the  sulphides  of  the  metals  of  Groups  V. 
and  VI.  Wash,  treat  immediately  after  with  yellow  sulphide  of  am- 
monium in  excess,  and  digest  the  mixture  for  some  time  at  a  gen- 
tle heat ;  filter  off  the  clear  fluid,  treat  the  residue  again  with  sul- 
phide of  ammonium,  digest  a  short  time,  repeat  the  same  operation, 
tif  necessaiy,  a  third  and  fourth  time,  filter,  and  wash  the  residuary 
sulphides  of  Group  V.  with  water  containing  sulphide  of  ammo- 
nium.    If  protosulphide  of  tin  is  present,  some  flowers  of  sulphur 

*  Hydrochloric  aoid  answers  best  as  acidifying  agent. 
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must  be  added  to  the  sulphide  of  ammonium,  unless  the  latter  ho 
very  yellow.  In  presence  of  copper,  the  sulphide  of  which  is  a  lit- 
tle soluble  in  [merely  warm]  sulphide  of  ammonium,  [boil  a  short 
time  or]  use  sulphide  of  sodium  instead.  However,  this  substitu- 
tion can  be  made  only  in  the  absence  of  mercuiy,  since  the  sulphides 
of  tliat  metal  are  soluble  in  sulphide  of  sodium. 

Add  to  the  alkaline  filtrate,  gradually,  hydrochloric  acid  in  small 
portions,  until  the  acid  predominates ;  allow  to  subside,  and  ther 
filter  off  the  sulphides  of  the  metals  of  the  sixth  group,  which  are 
mixed  with  sulphur. 

ScHXEiDER*  states  that  he  failed  in  effecting  complete  separation 
of  bisulphide  of  bismuth  from  bisulphide  of  tin  by  digestion  with 
sulphide  of  potassium,  but  succeeded  in  accomplishing  that  object 
by  conducting  sulphuretted  hydrogen  into  the  potassa  solution  of 
tartrate  of  teroxide  of  bismuth  and  protoxide  of  tin  (which  decom- 
pose into  binoxide  of  bismuth  and  binoxide  of  tin). 

If  a  solution  contains  much  arsenic  acid  in  presence  of  small 
quantities  of  copper,  bismuth,  <kc.,  it  is  convenient  to  precipitate 
these  metals  (together  with  a  very  small  amount  of  sulphide  of 
arsenic)  by  a  brief  treatment  with  sulphuretted  hydrogen.  Filter, 
extract  the  precipitate  with  sulphide  of  ammonium  (or  sulphide  of 
potassium),  acidify  the  solution  obtained,  mix  it  with  the  fonner 
filtrate  containing  the  principal  quantity  of  the  arsenic,  and  pro- 
ceed to  treat  further  with  sulphuretted  hydrogen. 

b.  The  Oxides  of  Group  VI.  (with  the  exception  of  Gold  and  128 
Platinum)  prom  those  of  Groups  IV.  and  V. 

a.  Neutralize  the  solution  with  anm3.onia,  add  chloride  of  ammo- 
nium, if  necessary,  and  then  yellow  sulphide  of  ammonium  in  ex- 
cess ;  digest  in  a  closed  flask,  for  some  time  at  a  moderate  heat,  and 
then  proceed  as  in  127-  Repeated  digestion  with  fresh  quantities 
of  sulphide  of  ammonium  is  indispensable.  On  the  filter,  you  have 
the  sulphides  of  the  metals  of  Groups  IV.  and  V.  Wash  with 
water  containing  sulphide  of  ammoniimi. 

Jn  presence  of  nickel,  this  method  offers  peculiar  difficulties; 
traces  of  sulphide  of  mercury,  too,  are  liable  to  pass  into  the  fil- 
trate. In  presence  of  copper  (and  absence  of  mercury),  scda  and 
sulphide  of  sodium  are  substituted  for  ammonia  and  sulphide  of 
aninioidum.f 

0,  In  the  analysis  of  solid  compounds  (oxides  or  salts),  it  is  in 
most  cases  preferable  to  fuse  the  substance  with  3  parts  of  dry  car- 
bonate of  soda  and  3  of  sulphur,  in  a  covered  porcelain  crucible, 
over  a  lamp.  When  the  contents  ai-e  completely  fused,  and  the  ex- 
cess of  sulphur  is  volatilized,  the  mass  is  allowed  to  cool,  and  then 

*  At*'"^1  d.  Ghem.  u.  Phann.  101,  64. 

f  The  accuracy  of  this  method  has  been  called  in  question  by  Bloxam  (Quart. 
Jour.  Chem.  Sbc.  5, 119).  That  chemist  found  that  sulphide  of  ammonium  fails 
to  separate  smaU  quantities  of  bisulphide  of  tin  from  large  quantities  of  sul- 
phide of  mercury  or  sulphide  of  cadmium  (1 :  100) ;  and  &at  more  especially 
the  separation  of  copper  from  tin  and  antimony  (also  from  arsenic)  by  this 
method  is  a  failure,  as  nearly  the  whole  of  the  tin  remains  with  the  copper.  Th« 
Utter  statement  I  cannot  confirm,  for  Mr.  Lucius,  in  my  laboratoiy,  has  sue* 
oeeded  in  separating  copper  from  tin  by  means  of  yellowish  sulphide  of  sodium 
completely  ;  but  it  is  indispensable  to  digest  three  or  four  times  with  suiGlciently 
laxge  qoantities  of  the  solvent,  as  stated  in  the  text. 
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treated  with  water,  which  dissolves  the  sulphosalts  of  the  metals  of 
the  sixth  group,  leaving  the  sulphides  of  Groups  IV.  and  V.  undis- 
solved. By  this  means,  even  ignited  hinoxide  of  tin  may  be  readily 
tested  for  iron,  &c.,  and  the  amount  of  the  admixture  determined 
(H.  Kose).  The  solution  of  the  sulphosalts  is  treated  as  in  127- 
tn  the  presence  of  copper,  traces  of  the  sulphide  may  be  dissolved 
with  the  sulphides  of  Group  VI.  Occasionally  a  little  sulphide  of 
iron  dissolves,  coloring  the  solution  green.  In  that  case  add  some 
chloride  of  ammonium,  and  digest  till  the  solution  has  turned  yellow. 

B.  Special  Methods, 

1.  InadvhUity  of  some  Metals  of  Oie  Sixth  Group  in  Acids, 

a.  Gold  from  Metals  op  Groups  IV.  and  V.  in  Alloys. 

a.  Boil  the  alloy  with  pure  nitric  acid  (not  too  concentrated),  or,  128 
according  to  circumstances,  with  hydrochloric  acid.  The  other 
metals  dissolve,  the  gold  is  left.  The  alloy  must  be  reduced  to  fil- 
ings, or  rolled  out  i^ito  a  tliin  sheet.  If  the  alloy  were  treated  with 
concentrated  nitric  acid,  and  at  a  temperature  below  boiling,  a  little 
gold  might  dissolve  in  consequence  of  the  co-opei*ation  of  nitrous 
acid.  In  the  presence  of  silver  and  lead,  this  method  is  only  appli- 
cable when  they  amount  to  more  than  80  per  cent.,  since  otherwise 
they  are  not  completely  dissolved.  Alloys  of  silver  and  gold  con- 
taining less  than  80  per  cent,  of  silver  are  therefore  fused  together 
with  3  parts  of  lead,  before  they  are  treated  with  nitric  acid.  The 
residuary  gold  is  weighed ;  but  its  purity  must  be  ascertained,-  by 
dissolving  in  cold  dilute  nitrohydrochloric  acid,  not  in  concentrated 
hot  acid,  as  chloride  of  silver  also  is  soluble  in  the  latter. 

At  the  Mint  Confereuce  held  at  Vienna  in  1857,  the  following 
process  was  agreed  upon  for  the  mints  in  the  several  states  of  Ger- 
many. Add  to  1  part  of  gold,  supposed  to  be  present,  2^  parts  of 
pure  silver ;  wrap  both  the  alloy  and  the  silver  in  paper  together, 
and  introduce  into  a  cupel  in  which  the  requisite  amount  of  lead 
is  just  fusing.*  After  the  removal  of  the  lead  (by  absorption),  the 
button  of  gold  and  silver  is  flattened,  by  hammering  or  rolling,  then  ' 
ignited,  and  rolled ;  the  rolls  are  treated  first  with  nitric  acid  of 
1*2  sp.  gr.,  afterwards  with  nitric  acid  of  1*3  sp.  gr.,  rinsed,  ignited, 
and  weighed,  f 

j3.  Heat  the  alloy  (previously  filed  or  rolled)  in  a  capacious  pla- 
tinum dish  with  a  mixture  of  2  parts  pure  concentrated  sulphuric 
acid  and  1  part  water,  until  the  evolution  of  gas  has  ceased,  and  the 
sulphuric  acid  begins  to  volatilize ;  or  fuse  tlie  alloy  with  bisul- 
phate  of  potassa  (H.  Kobe).  Separate  the  gold  from  the  sulphates 
of  the  other  metals,  by  treating  the  mass  first  with  cold,  finally  with 
boiling  water.  It  is  advisable  to  repeat  the  operation  with  the 
leparated  gold,  and  ultimately  test  the  purity  of  the  latter. 

y.  The  methods  given  in  a  and  |3  may  be  united,  *.e.,  the  cu- 
pelled and  thinly-rolled  metal  may  be  first  warmed  witli  nitric  acid 

*  If  the  weighed  sample,  say  0  26  grm  ,  contains  98-92J  gold,  8  gna.  of  Iea4 
are  required ;  if  92-87*5,  4  §rnn. ;  if  87-5-75,  5  gnn.  ;  if  76-«0,  6  grm. ;  if  «)-««» 
7  grm. :  if  less  than  35,  8  grm. 

f  Knnst-  und  Gewerbeblatt  f.  Baiem.  1857.  Vy\  ;  Chem.  Centralbl  1857,  307] 
V  lyt  Centralbl.  1857,  1151,  1471,  1639. 
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of  1-2  sp.  gr.,  then  thoroughly  washed,  the  gold  boiled  5  miuutee 
with  conceiiti*ated  aulphuiic  acid,  washed  again,  and  ignited  (Mas- 

CAZZINI,  BUQATTl). 

6.  Platinum  from  Metals  of  Groups  IV.  and  V.,  in  Alloys. 

The  separation  is  effected  by  treating  with  sulphuric  acid,  or,  bet-130 
ter  still,  with  bisulphate  of  potassa  (129,  ^^)  5  ^u*  ^^^  ^^^  nitric 
acid,  as  platinum  in  alloys  will,  under  certain  circumstances,  dis- 
solve in  that  acid. 

2.  Separation  of  Gold  in  the  metallic  state. 

Gold  from  all  Oxides  of  Groups  I. — V.,  with  the  exception 
of  Oxide  of  Lead  and  Oxide  of  Silver. 

Precipitate  the  hydrochloric  acid  solution  with  oxalic  acid  as  di-  131 
rected  §  123,  6,  7,  or  with  sulphate  of  iron,  §  123,  6,  a,  and  filter 
off  the  gold  when  it  has  completely  separated.      Take  care  to  add  a 
sufficient  quantity  of  hydrochloric  acid  to  prevent  oxalates  insolu- 
ble in  water  precipitating  along  with  the  gold,  for  want  of  a  solvent. 

3.  JPrecipitation  of  Platinum  as  Potaesio-  or  Ammonio-bicMo  - 

ride  of  PUuinnm. 

Platinum  from  the  Oxides  of  Groups  IV.  and  V.,  with  the 
exception  of  Lead  and  Silver. 

Precipitate  the  platinum  with  chloride  of  potassium  or  chloride  132 
of  ammonium  as  directed  §  124,  and  wash  the  precipitate  thoroughly 
with,  spirit  of  wine.  The  platinum  prepared  from  the  precipitated 
ammonium  or  potassium  salt  is  to  be  tested  after  being  weighed,  to 
see  whether  it  yields  any  metal  (especially  iron)  to  fusing  bisul- 
phate of  potassa. 

4.  Separation  of.  Oxid^  insoluble  in  NiWic  Add, 

a.  Tin  from  Metals  of  Groups  IV.  and  V.  (not  from  Bismuth, 
Iron,  or  Manganese*)  in  Alloys. 

Treat  the  finely  divided  alloy,  or  the  metallic  powder  obtained  138 
hy  reducing  the  oxides  in  a  stream  of  hydrogen  with  nitric  acid,  as 
directed  §  126,  1,  a.      The  filtrate   contains  the  other  metals  as 
nitrates.     As  binoxide  of  tin  is  liable  to  retain  traces  of  copper 
and  lead,  you  must,  in  an  accurate  analysis,  test  an  aliquot  part  of      ^^  t^  r\ 
it  for  these  bodies,  and  determine  their  amount  as  directed  116^/?.    ]^  0   Id 

Hrukner    recommends  the  following  course  of  proceeding,  by  / 

iv-hich  the  presence  of  copper  in  the  tin  may  be  efiectually  guarded 
against.  Dissolve  the  alloy  in  a  mixtui'e  of  1  part  of  nitric  acid, 
4  parts  of  hydrochloric  acid,  and  5  parts  of  water ;  dilute  the  solu- 
tion largely  with  water,  and  heat  gently.  Add  crystals  of  carbon- 
ate of  soda  until  a  distinct  precipitate  has  formed,  and  boil.  (In 
presence  of  copper,  the  precipitate  must,  in  this  operation,  change 
from  its  original  bluish-green  to  a  brown  or  black  tint.)  When 
the  fluid  has  been  in  ebullition  some  10  or  15  minutes,  allow  it  to 
cool,  and  then  add  nitric  acid,  drop  by  drop,  until  the  reaction  is 

*  If  the  alloy  of  tin  contains  bismuth  or  manganese^  there  remains  with  the 
binoxide  of  tin  always  teroxide  of  bismath  or  sesquioxide  of  manganese,  which 
cannot  be  extracted  by  nitrio  acid  ;  if  it  contains  iron,  on  the  contrary,  some 
binoxide  of  tin  always  disaolves  with  the  iron,  and  cannot  be  separated  even  by 
repeated  evaporation(H  Bose,  Pogg.  AnnaL  cxiL  169,  170,  172;. 
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distinctly  acid ;  digest  the  precipitate  for  several  hours,  when  it 
should  have  acquired  a  pure  white  color.  The  binoxide  of  tin 
thus  obtained  is  free  from  copj)er ;  but  it  may  contain  some  iron, 
which  can  be  removed  as  directed  in  128)  ^' 

Before  the  binoxide  of  tin  can  be  considered  pure,  it  must  be 
ttisted  also  for  silicic  acid,  as  it* frequently  retains  traces  of  this  sub- 
stance. To  this  end,  an  aliquot  part  is  fused  witli  3 — 4  parts  of  car- 
bonate of  soda  andpotassa,  the  fused  mass  boiled  with  water,  and  the 
solution  filtered ;  hydrochloric  acid  is  then  added  to  the  filtrate, 
and,  should  silicic  acid  separate,  the  fluid  is  filtered  ofi'  from  this 
substance.  The  tin  is  then  precipitated  by  sulphuretted  hydrogen, 
and  the  silicic  acid  still  remaining  in  the  filtrate  is  determined  in  the 
usual  way  (§  1 40).  If  hydrochloric  acid  has  produced  a  precipitate  of 
silicic  acid,  the  last  filtration  is  effected  on  the  same  filter  (Khittel*). 

5.  Antimony  fbom  the  Metals  of  Groups    IV.  and  Y.  in 

Alloys. 

Proceed  as  in  a,  filter  off  the  precipitate,  and  convert  it  by  igni- 
tion into  antimoniate  of  teroxide  of  antimony  (§  125,  2).  Results 
only  approximative,  as  a  little  teroxide  of  antimony  dissolves. 
Alloys  of  antimony  and  lead,  containing  the  former  metal  in  ex- 
cess, should  be  previously  fused  vdth  a  weighed  quantity  of  pure 
lead  (VARRENTRAPPf).      [See  Tookey,  Joum.  Chem.  Soc.  xv.  464.] 

5.  Precipitation  of  Binoxide  of  Tin  by  Neutral  JScdts  (e.  g., 
JSiUp/iate  of  jSoda)  or  hy  tSuLphuHc  Acid. 

Tin  from  the  Oxides  op  Groups  L,  II.,  III. ;  also  from  Pro- 
toxide OF  Manganese,  Oxide  of  Zinc,  Protoxides  of  Nickel 
AND  Cobalt,  Oxide  of  Copper  (Teroxide  of  Gold). 

Pi*ecipitate  the  hydrochloric,  acid  solution,  which  must  contain  134 
the  tin  entirely  as  binoxide  (bichloride),  according  to  §  126,  1,  6, 
by  nitrate  of  ammonia  or  sulphate  of  soda  (Lowenthal),  or  by  sul- 
phuric acid,  which,  H.  Rose  says,  answers  equally  well.  AUojrs 
are  treated  as  follows : — First,  oxidize  by  digestion  with  nitric  acid ; 
when  no  more  action  takes  place,  evaporate  the  greater  portion  of 
the  nitric  acid  in  a  porcelain  dish,  moisten  the  mass  with  strong 
hvdrochloric  acid,  and  after  half  an  hour  add  wat«r,  in  which  the 
metachloride  of  tin  and  the  other  chlorides  dissolve.  Alloys  of  tin 
and  gold  are  dissolved  in  aqua  regia,  the  excess  of  acid  evaporated, 
and  the  solution  diluted  with  much  water,  before  precipitating 
with  sulphuric  acid. 

It  must  be  remembered  that  in  this  process  any  phosphoric  acid 
that  may  be  present  is  precipitated  entirely  or  partially  with  the 
binoxide  of  tin.  After  the  precipitate  has  been  well  washed  by 
decantation,  Lowenthal  recommends  to  boil  with  a  mixture  of  1 
part  nitric  acid  (sp.  gr.  1*2)  and  9  parts  water,  then  to  transfer 
to  the  filter,  and  wash  thoroughly.  Results  very  satisfactory.  If 
the  fluid  contains  sesquioxide  of  iron,  a  portion  of  the  latter  alwajrs 
fjEills  down  with  the  tin.  Hence  the  binoxide  of  tin  must  be  tested 
for  iron  according  to  128,  ^>  &i^d  if  present,  its  amount  must  be 
determined  and  deducted. 


»  Chem.  CentralbL  1857,  929.  f  I>iiigler'8  polyt  Joum.  158,  816. 
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6.  InsolubUity  of  Sulphide  of  Mercwry  m  JBydrocJdoric  Acid. 

Mercury  from  Antimony. 

Digest  the  precipitated  sulphides  with  moderately  strong  Ixydro- 136 
cKloiio  acid  in  a  distilling  apparatus.  The  sulphide  of  antimony  dis- 
solves, while  the  sulphide  of  mercuiy  remains  behind.  Expel  all 
the  hydrosulphuric  acid,  then  add  tartaric  acid,  dilute,  filter,  mix  the 
filtrate  with  the  distillate  which  contains  a  little  antimony,  and  pre- 
cipitate with  sulphuretted  hydrogen.  The  sulphide  of  mercury  may 
be  -weighed  as  such  (F.  Field*). 

7.  •  Conversion  of  Arsenic  and  Antirrwny  into  Alkaline  Arse* 

niate  and  Antimoniate, 

a.  Arsenic  from  the  Metals  and  Oxides  of  Groups  II.,  IV., 

AND    T. 

If  you  have  to  do  with  arsenites  or  arseniates,  fuse  with  3  parts  186 
of  carbonate  of  soda  and  potassa  and  1  part  of  nitrate  of  potassa ; 
if  an  alloy  has  to  be  analyzed  it  is  fused  with  3  parts  of  carbonate 
of  soda  and  3  parts  of  nitrate  of  potassa.  In  either  case  the  residue 
is  boilod  with  water,  and  the  solution,  which  contains  the  ai*seniates 
of  the  alkalies,  filtered  from  the  undissolved  oxides  or  carbonates. 
The  arsenic  acid  is  determined  in  the  filtrate  as  directed  §  127, 2.  If 
the  quantity  of  arsenic  is  only  small,  the  fusion  may  be  effected  in  a 
platinum  ci*ucible ;  but  if  more  considerable,  the  process  must  be 
conducted  in  a  porcelain  crucible,  as  platinum  would  be  injuriously 
affected  by  it.  In  the  latter  case,  bear  in  mind  that  the  fused  mass 
is  contaminated  with  silicic  acid  and  alumina.  If  the  alloy  contains 
much  arsenic  a  small  quantity  may  be  readily  lost  by  volatilization, 
even  though  the  operation  be  cautiously  conducted.  In  such  a  case, 
therefore,  it  is  better  first  to  oxidize  with  nitric  acid,  then  to  evapo- 
rate, and  to  ^se  the  residue  as  above  directed  with  carbonate  of  soda 
and  nitrate  of  potassa. 

h.  Arsenic  and  Antimony  from  Copper  and  Iron,  especially 
in  ores  containing  sulphur. 

XKfiTuse  the  very  finely  pulverized  mineral  through  pure  solution  187 
of  potassa,  and  conduct  chlorine  into  the  fluid  (comp.  p.  327,  A,  b). 
The  iron  and  copper  separate  as  oxides,  the  solution  contains  sulphate, 
arseniate,  and  antimoniate  of  potassa  (Rivot,  Beudant,  and  DAGUiNf). 

c.  Arsenic  and  Antimony  from  Cobalt  and  Nickel. 

Dilute  the  nitric  acid  solution  with  water,  add  a  large  excess  of  188 
potassa,  heat  gently,  and  conduct  chlorine  in.to  the  fluid  until  the  pre- 
cipitate is  black.   The  solution  contains  the  whole  of  the  arsenic  and 
antimony,  the  precipitate  the  nickel  and  cobalt,  in  form  of  sesqui- 
ozide  (Rivot,  Beudant,  and  Daguin,  loc,  cit) 

8.    Volatility  of  certain  Chlorides  or  Metals, 

Ok  Tin,    Antimony,   Arsenic    from    Copper,    Silver,   Lead, 
Cobalt,  Nickel. 

Treat  the  sulphides  with  a  stream  of  chlorine,  proceeding  exactly  139 

•  Quart.  Jonm.  Ohem.  Soc.  12,  83. 

f  Compt.  rend.  1858,  885;  Joura  f.  prakt.  Ghem.  61, 183. 
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as  directed  in  119.  Xa  presence  of  antimony,  fill  the  tubes  E  and 
JF  {^g,  68)  with  a  solution  of  tartaric  acid  in  water,  mixed  with 
hydrochloric  acid.  The  metals  may  be  also  separated  by  this  method 
in  alloys.  The  alloy  must  be  very  finely  divided.  Arsenical  alloys 
are  only  very  slowly  decomposed  in  this  way.  If  tin  and  copper  are 
separated  in  this  manner,  according  to  the  experience  of  H.  Kobe,*  a 
small  ti*ace  of  tin  remains  with  the  chloride  of  copper.  [See  Tooiley,  • 
Joum.  Chem.  Soc.  xv.,  466.] 

h,  BiNoxiDE  OF  Tin,  Teroxide  of  Antimony  (and  also  Anti- 
HONic  Acid),  Arsenious,  and  Arsenic  Acids,  from  Alkalies 
AND  Alkaline  Earths. 

Mix  the  solid  compound  with  5  parts  of  pure  chloride  of  am- 140 
monium  in  powder,  in  a  porcelain  crucible,  cover  this  with  a  concave 
platinum  lid,  on  which  some  chloiide  of  ammonium  is  sprinkled,  and 
ignite  gently  until  tvU  chloride  of  ammonium  is  diiven  off;  mix  the 
contents  of  the  crucible  with  a  fresh  portion  of  that  salt,  and  repeat 
the  operation  until  the  weight  remains  constant.  In  this  process,  the 
chlorides  of  tin,  antimony,  and  arsenic,  escape,  leaving  the  chlorides 
of  the  alkaline  and  alkaline  earthy  metals.  The  decomposition  pro- 
ceeds most  rapidly  with  alkaline  salts.  With  regard  to  alkaline 
earthy  salts  it  is  to  be  observed  that  those  which  contain  antimonic 
acid  or  binoxide  of  tin  are  generally  decomposed  completely  by  a 
double  ignition  with  chloride  of  ammonium  (magnesia  aJone  cannot 
be  sepai-ated  i>ei-fectly  from  antimonic  acid  by  this  method).  The 
alkaline  earthy  arseniates  are  the  most  troublesome ;  the  baryta, 
strontia,  and  lime  salts  usually  require  to  be  subjected  5  times  to  the 
operation,  before  they  are  free  fiom  arsenic,  and  the  arseniate  of 
magnesia  it  is  impossible  thoroughly  to  decompose  in  this  way  (H. 
RosEf). 

c.  Mercury  from  Gold  (Silver,   and  generally  from  thb 

NON-VOLATILE   MeTALS). 

Heat  the  weighed  alloy  in  a  porcelain  crucible,  ignite  till  the  141 
weight  is  constant,  and  determine  the  mercury  from  the  loss.  If  it 
is  desired  to  estimate  it  directly,  the  apparatus,  fig.  50,  p.  222,  may 
be  used.  In  cases  where  the  separation  of  mercury  from  metals  that 
oxidize  on  ignition  in  the  air  is  to  be  effected  by  this  method,  the 
operation  must  be  conducted  in  an  atmosphere  of  hydrogen  (p.  18 1, 
fig.  47). 

9.    Volatility  of  Sulphide  of  Arsenic, 

Arsenic  Acid  from  the  Oxides  of  Manganese,  Iron,  Zinc, 
Lead,  Copper,  Nickel,  Cobalt  (not  of  Silver,  Aluminum,  ob 
Magnesium). 

Mix  the  arsenic  acid  compound  (no  matter  whether  it  has  been  148 
air-dried  or  gently  ignited)  with  sulphur,  and  ignite  under  a  good 
draught  in  an  atmosphere  of  hydrogen  (p.  181,  fig.  47;  the  per- 
forated lid  must  in  this  case  be  of  porcelain)*  The  whole  of  the 
arsenic  volatilizes,  the  sulphides  of  maganese,  iron,  zinc,  lead,  and 
copper  remain  behind;  they  may  be  weighed  directly.  After  weigh- 
ing, add  a  fresh  quantity  of  sulphur  to  the  residue,  ignite  as  before, 

*  Pogg.  Axmal.  lid,  169.  f  Ibid.  78,  582 ;  74,  578 ;  112,  178. 
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and  weigh  again ;  repeat  this  opelration  until  the  weight  remains 
constant.  Usually,  if  the  compound  was  intimately  mixed  with 
the  sulphur,  the  conversion  of  the  arseniate  into  sulphide  is  com- 
plete after  the  first  ignition.     Kesults  very  good. 

In  separating  nidcd  the  analyst  will  remember  that  the  residue 
cannot  be  weighed  dii'ectly,  since  it  does  not  possess  a  constant  com- 
position ;  hence  the  ignition  in  hydrogen  may  be  saved  ;  arseniate 
of  nickel  loses  all  its  arsenic  on  being  simply  mixed  with  sulphur  and 
heated.  The  heat  should  be  moderate  and  continued,  till  no  more 
red  sulphide  of  arsenic  is  visible  on  the  inside  of  the  poicelain 
crucible.  It  is  advisable  to  repeat  the  operation.  The  separation  of 
arsenic  from  cobalt  cannot  be  completely  elTected  in  this  manner  even 
by  repeated  treatment  with  sulphur,  but  it  can  be  effecteil  by  oxidiz- 
ing the  residue  with  nitric  acid,  evaporating  to  dryness,  mixing  with 
sulphur,  and  re-igniting.  Smaltine  and  cobaltine  must  be  treated  in 
the  same  manner  (H.  E.ose'*').  I  should  not  forget  to  mention  that 
£B£i<M£K,f  a  long  while  ago,  noticed  the  separation  of  arsenic  acid 
from  sesquioxide  of  iron  by  ignition  in  a  stream  of  sulphuretted  hy- 
drogen. 

10.  Separation  of  Arsenic  aa  Arseniate  of  Magnesia  and, 
AvMnonia, 

Arsekio  Acid  from  Oxide  of  Copper,  Oxide  of  Cadmium, 
Sesqdioxide  of  Tron,  Protoxide  op  Manganese,  Protoxide  of 
Nickel,  Protoxide  of  Cobalt,  Alumina. 

Mix  the  hydrochloric  acid  solution,  which  must  contain  the  whole  143 
of  the  arsenic  in  the  form  of  arsenic  acid,  with  enough  tartaric  acid  to 
prevent  precipitation  by  ammonia,  precipitate  the  arsenic  acid  accord- 
ing to  §  1 27,  2,  as  arseniate  of  magnesia  and  ammonia,  allow  to  settle, 
filter,  wash  once  with  a  mixture  of  3  parts  water  and  I  part  ammonia, 
redissolve  in  hydrochloric  acid,  add  a  very  minute  quantity  of  tar- 
taric acid,  supersaturate  again  with  ammonia,  allow  to  deposit,  and 
determine  the  now  pure  precipitate  according  to  §  127,  2.  In  the 
filtrate  the  bases  of  Groups  IV.  and  V.  may  be  precipitated  by  sulphide 
of  ammonium ;  if  alumina  is  present,  evaporate  the  solution  filtered 
firom  the  sulphides  with  addition  of  carbonate  of  soda  and  a  little 
nitre  to  dryness,  fuse,  and  estimate  the  alumina  in  the  residue.  The 
method  is  more  adapted  to  the  separation  of  rather  large  than  of  very 
sniall  quantities  of  arsenic  from  the  above  named  oxides,  since  in  the 
case  of  small  quantities  the  minute  portions  of  arseniate  of  magnesia 
and  ammonia  that  remain  in  solution  may  exercise  a  considerable 
influence  on  the  accui-acy  of  the  result.  [See  Editor's  note  to 
§  135  e,  a.] 

11.  SeparaJtion  of  Arsenic  as  Arsemomolj/hdate  of  Ammonia. 

ABSKiric  Acid  from  all  Oxides  of  Groups  I. — ^Y. 

Separate  the  arsenic  acid  as  directed  in  §  127,  2,  h ;  long  continued  14A 
heating  at  100^  is  indispensable.     The  detemunation  of  the  bases  is 
moat  conveniently  effected  in  a  special  portion  (comp.  §  135,  k.) 

•  Zeitschrift  f.  anal.  Cbexn,  1,  413. 

f  Anal,  de  Chim.  et  de  Phys.  (8)  xzv.  96. 
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12.  InsoluhUUy  of  ArsenicUe  of  Seequioande  of  Iron. 

Absbnic  Acid  from  the  Bases  of  Groups  I.  and  II.,  anp 
FROM  Oxide  of  Zinc,  and  the  Protoxides  of  Manganese,  Nickel, 
AND  Cobalt. 

Precipitate  the  arsenic  acid,  according  to  circumstances,  &s  di- 146 
r^'cted  §  127,  3,  a  or  &,  filter,  and  determine  the  bases  in  the  filti-ate. 

13.  Methods  based  upon  the  InsolubUity  of  some  Chlorides. 

a.  Silver  from  Gold. 

Treat  the  alloy  with  cold  dilute  nitrohydrochloric  acid,  dilute,  and  146 
filter  the  solution  of  the  terchloride  of  gold  from  the  undissolved 
chloride  of  silver.  This  method  is  applicable  only  if  the  alloy  con- 
tains less  than  15  per  cent,  of  silver;  for  if  it  contains  a  larger 
proportion,  the  chloride  of  silver  which  forms  protects  the  un  de- 
composed part  from  the  action  of  the  acid.  In  the  same  way  silver 
may  be  separated  also  fvom  pUUinum, 

b.  Oxide  of  Mercury  from  the  Oxygen  Compounds  of  Arsenic 
AND  Antimony. 

Precipitate  the  mercury  from  the  hydrochloric  solution  by  means  147 
of  phosphorous  acid  as  subchloride  (§  118,  2,  a).     The  tartaric  acid, 
which  in  the  presence  of  antimony  must  be  added,  does  not  inter- 
fere with  the  reaction  (H.  Rose*). 

14.  InsolubUity  of  certain  Sulphates  in  Water  or  Spirit  of 

Wine, 

a.  Arsenic  Acid  from  Baryta,  Strontia,  Lime,  and  Oxide  of 
Lead. 

Proceed  as  for  the  separation  of  phosphoric  acid  from  the  same  148 
oxides  (§   135,  b).     The  compounds  of  these  bases  with  arsenious 
acid  are  first  converted  into  arseniates,  before  the  sulphuric  acid  is 
added ;  this  conversion  is  effected  by  heating  the  hydrochloric  acid 
solution  with  chlorate  of  potassa. 

b.  ANTiMomr  FROM  Lead. 

Treat  the  alloy  with  a  mixture  of  nitric  and  tartaric,  acids.  Tlie  149 
solution  of  both  metals  takes  place  rapidly  and  with  ease.  Pi*eci- 
pitate  this  greater  part  of  the  lead  as  sulphate  {§  116,  3),  filter,  pre- 
cipitate with  sulphuretted  hydrogen,  and  treat  the  sulphideti  ac- 
cording to  128  ^ith  sulphide  of  ammonium,  in  order  to  separate 
the  antimony  fi'om  the  lead  left  unprecipitated  by  the  sulphuric  acid 

(A.  STRENOf ). 

15.  Different  deportment  with  Cyanide  of  Potassium, 

Gold  from  Lead  and  Bismuth. 

These  metals  may  be  separated  in  solution  by  cyanide  of  potassium  160 
in  the  same  way  in  which  the  separation  of  mercury  from  lead  and 
bismuth  is  efiected  (see  109)-  ^he  solution  of  the  double  cyanide 
of  gold  and  potassium  is  decomposed  by  boiling  with  aqua  regia, 
and,  after  expulsion  of  the  hydrocyanic  acid,  the  gold  determined 
by  one  of  the  methods  given  in  §  123. 

•  l^ogg.  AnnaL.llO,  586.  t  I>ing.  polyt.  Joom.  151,  889. 
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IL  Separation  of  the  Oxides  of  the  Sixth  Group  from  each 

OTHER. 

§  165. 

Index  : — The  Kos.  refer  to  those  in  the  margin. 

Platimm  from  gold,  151,  162. 

*''  tin,  antimony,  and  aisenic,  152. 

OM  from  platinum,  151, 162. 
*'  tin,  152,  161. 

"  antimony  and  arsenic,  153. 

Tin  from  platinum,  152. 
"  gold,  184,  152,  161, 

"  arsenic,  153, 157,  158,  160,  163. 

"  antimony,  154,  159,  160. 

Protoxide  of  tin  from  the  binozide,  160. 
Antimony  from  platinum  and  gold,  152. 
**  arsenic,  154,  155,  158. 

"  tin,  154,  159,  160. 

Teroxide  of  antimony  from  antimonic  acid,  165. 
Arsenic  from  platinum  and  gold,  152. 
"  tin,  153,  157, 158,  160,  163. 

"  antimony,  154,  155,  168. 

Arsenious  acid  from  arsenic  acid.  156,  164. 

!•  Precipitation  of  Platinum  as  PotaasiohicTdoride  of  Plat- 
inwm. 

Platinum  from  Gold. 

Precipitate  from  the  solutioi].  of  the  chlorides  the  platinum  as  di  1 5] 
rected  §  124,  &,  and  determine  the  gold  in  the  filtrate  as  directed 
§  123,  h. 

2.  VoUuUity  of  ike  OMorides  of  the  inferior  Metals. 

Platinum  and  Gold  from  Tin,  Antimony,  and  Arsenic. 

Heat  the  finely  divided  alloy  or  the  sulphides  in  a  stream  of  chlo  163 
rine  gas.     Gold  and  platinum  are  left,  the  chlorides  of  the  other 
metals  volatilize  (compare  50)* 

3.  VblatUi^  of  Arsenic  and  Tersuiphide  of  Arsenic, 

a.  Arsenic  from  Tin  (H.  Hose). 

Convert  into  sulphides  or  into  oxides,  dry  at  100°,  and  heat  a  158 
weighed  portion  with  addition  of  a  little  sulphur  in  a  bulb-tube  or 
traj,  gently  at  first,  but  gradually  more  strongly,  conducting  a 
stream  of  dry  sulphuretted  hydrogen  gas  through  the  tube  during 
the  operation.  Sulphur  and  tersuiphide  of  arsenic  volatilize,  sid- 
phide  of  tin  is  left.  The  teraulphide  of  arsenic  is  received  in  TJ- 
tubes  containing  dilute  ammonia,  which  are  connected  with  the 
bulb-tube,  in  the  manner  described  in  119*  When  upon  continued 
application  of  heat  no  sign  of  further  sublimation  is  observed  in  tho 
colder  part  of  the  bulb-tube,  drive  ofif  the  sublimate  which  has  col- 
lected in  the  bulb,  allow  the  tube  to  cool,  and  then  cut  it  oft'  above 
the  coating.  Divide  the  separated  portion  of  the  tube  into  pieces, 
and  heat  these  with  a  little  solution  of  soda  until  the  sublimate  is 
dissolved  ;  unite  the  solution  with  the  ammoniacal  fluid  in  the  re- 
ceiver, add  hydrochloric  acid,  then,  without  filtering,  chlorate  of 
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potasBa,  nn«[  heat  gently  until  the  tersulphide  of  arsenic  is  compktd- 
ly  dissolved.  Filter  from  the  sulphur^  and  determine  the  ai*senic 
as  directed  §  127,  2.  The  quantity  of  tin  cannot  be  calculated  at 
once  from  the  blackish-brown  sulphide  of  tin  in  the  bulb,  since  this 
contains  moi'e  sulphur  than  corresponds  to  the  formula  Sn  S.  It  is 
therefore  weighed,  and  the  tin  determined  in  a  weighed  portion  of 
it,  by  converting  it  into  binoxide,  which  is  eflected  by  moistening 
with  nitric  acid,  and  roasting  (§  126,  1,  c). 

Tin  and  arsenic  in  alloys  are  more  conveniently  converted  into 
oxides  by  cautious  treatment  with  nitric  acid.  If,  however,  it  is 
wished  to  convert  them  into  sulphides,  this  may  readily  be  effected 
by  heating  1  part  of  the  finely  divided  alloy  with  5  parts  of  caiv 
bonate  of  soda,  and  5  jmrts  of  sulphur,  in  a  covered  porcelain  cru- 
cible, until  the  mass  is  in  a  state  of  calm  fusion.  It  is  then  dis- 
solved in  water,  the  solution  filtered  from  the  sulphide  of  iron,  &c., 
which  may  possibly  have  formed,  and  the  filtrate  precipitated  with 
hydrochloric  acid. 

If  the  tin  only  in  the  alloy  is  to  be  estimated  directly,  while  the 
arsenic  is  to  be  found  from  the  difference,  convert  as  above  directed 
into  sulphides  or  oxides,  mix  with  sulphur  and  ignite  in  a  porcelain 
crucible  with  i)erforated  cover  in  a  stream  of  sulphuretted  hydro- 
gen. The  residual  arsenic-free  protosulphide  of  tin  is  to  be  con- 
verted into  binoxide  and  weighed  as  such. 

4.  Metliods  based  upon  Hie  insolubility/  of  Antimontate  of  Soda, 
a.  Antimony  from  Tin  and  Arsenic  (H.  Eose). 

If  the  substance  is  metallic,  oxidize  the  finely  divided  weiglied  154 
sample,  in  a  porcelain  crucible,  with  nitric  acid  of  1*4  sp.  gr.,  adding 
the  acid  gradually.  Dry  the  mass  on  the  water-bath,  transfer  to  a 
silver  crucible,  rinsing  the  last  particles  adhering  to  the  porcelain 
into  the  silver  cruciblt>  with  solution  of  soda,  dry  again,  add  eight 
times  the  bulk  of  the  mass  of  solid  hydi-ate  of  soda,  and  fuse  for 
some  time.  Allow  the  mass  to  cool,  and  then  treat  with  hot  water 
until  the  undissolved  residue  presents  the  appearance  of  a  fine 
powder ;  dilute  with  some  water,  and  add  one  third  the  volume  of 
alcohol  of  0*83  sp.  gr.  Allow  the  mixture  to  stand  for  24  hours, 
with  frequent  stirring ;  then  filter,  transfer  the  last  adhering  parti- 
cles from  the  crucible  to  the  filter  by  rinsing  with  dilute  spirit  of 
wine  (1  vol.  alcohol  to  3  vol.  water),  and  wash  the  undissolved 
residue  on  the  filter,  first  with  spirit  of  wine  containing  1  vol.  alco- 
hol to  2  vol.  water,  then  with  a  mixture  of  equal  volumes  of  alcohol 
and  water,  and  finally  with  a  mixture  of  3  vol.  alcohol  and  1  voL 
water.  Add  to  each  of  the  alcoholic  fluids  used  for  washing  a  few 
drops  of  solution  of  carbonate  of  soda.  Continue  the  washing 
until  the  color  of  a  portion  of  the  fluid  running  off  remains  unal- 
tered upon  being  acidified  with  hydrochloric  acid  and  mixed  with 
sulphuretted  hydrogen  water. 

Rinse  the  antimoiiiate  of  soda  from  the  filter,  wash  the  latter 
with  a  mixture  of  hydrochloric  and  tartaric  acids,  dissolve  the  an- 
timoniate  in  this  mixture,  precipitate  with  sulphuretted  hydrogen, 
and  determine  the  antimony  as  directed  §  125,  1. 

To  the  filtrate,  which  contains  the  tin  and  arseoiie,  add  hydro- 
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chloric  acid,  which  produces  a  precipitate  of  arseniate  of  hinoxide 
of  tin  ;  conduct  now  into  the  unfiltered  fluid  sulphuretted  h^tdrogen 
for  some  time,  allow  the  mixture  to  stand  at  rest  until  the  odor  of 
that  gas  has  almost  completely  gone  off,  and  sepai'ate  the  weighed 
sulphides  of  the  metals  which  contain  free  sulphur,  as  in  168  • 

If  the  substance  contains  only  antimony  and  araeniCy  the  alco- 
holic filtrate  is  heated,  with  repeate4  addition  of  water,  until  it 
scarcely  retains  the  odor  of  alcohol^;  hydrochloric  acid  is  then 
added,  and  the  arsenic  acid  determined  as  arseniate  of  magnesia 
and  anomonia  (§  127,  2). 

6.  Small  quantities  of  the  sulphides  of  arsenic  and  antimony 
mixed  with  sulphur  are  often  obtained  in  mineral  analysis.  The 
two  metals  may  in  this  case  be  conveniently  separated  as  follows : 
Oxidize  the  precipitate  with  chlorine-free  red  fuming  nitric  acid, 
evaporate  the  solution  nearly  to  dryness ;  mix  the  residue  with  a 
copious  excess  of  carbonate  of  soda,  add  some  nitrate  of  soda,  and 
treat  the  fused  mass  as  given  in  a.  If,  on  the  other  hand,  you  have 
a  mixture  of  sulphides  of  tin  and  antimony  to  analyze,  oxidize  it 
with  nitric  acid  of  1*5  sp.  gr.,  and  treat  the  residue  obtained  on 
evaporation  as  given  in  a. 

5.  I^ecipitation    of    Arsenic    <u     ArsenicUe    of  Amm&nia* 
Magnesia, 

a.  Arsenic  from  Antimony. 

Oxidize  the  metals  or  sulphides  with  nitrohydrochloric  acid  or  165 
hydrochloric  acid  and  chlorate  of  potassa,  or  with  chlorine  in  alka- 
line solution  (p.  827;  Ay  h) ;  add  tartaric  acid,  a  large  quantity  of 
chloride  of  ammonium,  and  then  ammonia  in  excess.  (Should  the 
addition  of  the  latter  T'eagent  produce  a  precipitate,  this  is  a  proof 
that  an  insufficient  quantity  of  chloride  of  ammonium  or  of  tartaric 
acid  has  been  used,  which  error  must  be  corrected  before  proceeding 
with  the  analysis.)  Then  precipitate  the  arsenic  acid  as  directed 
§  127,  2,  and  determine  the  antimony  in  the  filtrate  as  directed 
in  §  125,  1.  As  basic  tartrate  of  magnesia  might  precipitate  with 
the  arseniate  of  magnesia  and  ammonia,  the  precipitate  should 
always,  after  slight  washing,  be  redissolved  in  hydrochloric  acid, 
and  the  solution  reprecipitated  with  ammonia. — ^An  excellent 
method. 

h.  Arsenious  Acid  from  Arsenic  Acid. 

lAxx.  the  sufficiently  dilute  solution  with  a  large  quantity  of  chlo- 166 
ride  of  ammonium,  precipitate  the  arsenic  acid  as  directed  8  127,  2, 
and  determine  the  arsenious  acid  in  the  filtrate  by  precipitation 
with  sulphuretted  hydrogen  (§  127,4).  Ludwig*  has  observed  that 
if  the  solution  is  too  c^centrated,  arsenite  of  magnesia  faUs  down 
with  the  arseniate  of  magnesia  and  ammonia,  hence  it  is  necessary 
to  dissolve  the  weighed  magnesia  precipitate  in  hydrochloric  acid 
and  teet  the  solution  with  sulphuretted  hydrogen.  The  presence  of 
HBenious  acid  wiU  be  betrayed  by  the  immediate  formation  of  a 
precipitate. 


*  Axehtv  far  Pharm.  97,  94. 
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c.  BtNOxiDS  OF  Tin  from  Absenic  Acid  (Lenssen*). 

The  oxides  obtained  by  oxidation  with  nitric  acid  are  digested  167 
with  ammonia  and  yellow  sulphide  of  ammonium,  and  the  arsenic 
])recipitated  from  the  clear  solution  according  to  §  127,  2,  as  arseni- 
ate  of  magnesia  and  ammonia.      On  acidifying  the  filtrate  the  tin 
separates  as  bisulphide. 

6.  JBehavior  of  the  Sulphides  Unoarde  JBisulphite  of  Potassa, 

Arsenic  from  Antimony  and  Tin  (BuNSENf). 

If  freshly  precipitated  sulphide  of  arsenic  is  digested  with  sul- 158 
phurous  acid  and  sulphite  of  potassa,  the  precipitate  is  dissolved ; 
on  boiling,  the  fluid  becomes  txirbid  from  separated  sulphur,  which 
turbidity  for  the  most  part  disappears  again  on  long  boiling*  The 
fluid  contains,  after  expulsion  of  the  sulphurous  acid,  arsenite  and 
hyposulphite  of  potassa. 

1 2  As  S3 4-8  (K  O,  2  S  0,)=2  (KO,  As  0,)  +  6(K  O,  S,0,)  +  S3+7  S  OJ 

The  sulphides  of  antimony  and  tin  do  not  exhibit  this  reaction. 
Both  therefore  may  be  separated  from  sulphide  of  arsenic  by  pre- 
cipitating the  solution  of  the  three  sulphides  in  sulphide  of  potas- 
sium with  a  large  excess  of  aqueous  sulphurous  acid,  digesting  the 
whole  for  some  time  in  a  water-bath,  and  then  boiling  till  two- 
thirds  of  the  water  and  the  whole  of  the  sulphurous  acid  are  ex- 
pelled. The  residuary  sulphide  of  antimony  or  tin  is  arsenic-free, 
the  filtrate  contains  the  whole  of  the  arsenic  and  may  be  immedi- 
ately precipitated  with  sulphuretted  hydrogen.  Bunsen  determines 
the  arsenic  by  oxidizing  the  dried  sulphide  together  with  the  filter 
with  fuming  nitric  acid,  diluting  the  solution  a  little,  wai-ming  gen- 
tly with  a  little  chlorate  of  potassa  (in  order  to  oxidize  more  fully 
the  substances  formed  from  the  paper),  and  finally  precipitating  as 
arseniate  of  magnesia  and  ammonia. 

"With  regard  to  the  separation  of  sulphide  of  tin  from  the  solu- 
tion of  arsenite  of  potassa  it  is  to  be  observed,  that  the  sulphide 
of  tin  must  be  washed  with  concentrated  solution  of  chloride  of 
sodium,  as,  if  water  were  used,  the  fluid  would  run  through  tur- 
bid. As  soon  as  the  precipitate  is  thoroughly  washed  with  the  chlo- 
ride of  sodium  solution,  the  latter  is  displaced  by  solution  of  ace- 
tate of  ammonia,  containing  a  slight  excess  of  acetic  acid.  These 
last  washings  must  not  be  added  to  the  first,  as  the  acetate  of  am- 
monia hinders  the  complete  precipitation  of  the  arsenious  acid  by 
sulphuretted  hydrogen. 

The  test-analyses  adduced  by  Bunsen  show  very  satisfactory 
results. 

7.  Methods  hosed  upon  the  Sepa/rtUion  of  the  Metals  Hiemsdves^ 
or  on  the  different  Deportment  of  me  sq/me  witJi  Acids. 

a.  Tin  from  Antimony  [TooKEY,f  Classen  ||]. 

[The  alloy  or  mixture  must  contain  8 — 10  times  as  much  tin  as  159 
antimony.    If  need  be,  add  a  weighed  amount  of  pure  tin,  to  estab- 
lish this  proportion. 

•  Annal.  d.  Cham.  n.  Pharm.  114,  116.        t  Ibid.  106,  3. 

t  Joom.  Chem.  Soc.  xv.  46S.  |  Joam.  t  prakt.  Chem.  sciL  477. 
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The  metals  are  dissolved  in  hydrochloric  acid  and  a  litt  le  nitiic  acid, 
the  solution  is  heated  nearly  to  hoiling,  and  then  piano  wire  (solu* 
ble  without  residue  in  acids)  added  little  by  little  as  long  as  any  iron 
dissolves.  It  is  necessary  that  no  excess  of  metallic  ii'on  remain. 
Therefore,  when  all  the  antimony  appears  to  be  thrown  down  and 
all  the  ii'on  dissolved,  add  a  little  hydrochloric  acid,  and  after  the 
precipitate  has  settled,  pour  off  the  clear  liquid  and  observe  whether 
ii'on  will  produce  any  further  precipitation.  It  is  thu^j  easy  to  be 
certain  that  all  the  antimony  is  separated,  and  that  i^  is  unmixed 
with  metallic  iron.  "Wash  the  antimony  with  hot  water  to  wliich 
at  first  a  few  drops  of  hydrochloric  acid  are  added.  Finally,  dis- 
place the  water  that  adheres  to  the  precipitate  by  means  of  absolute 
alcohol,  and  the  latter  by  a  few  drops  of  ether,  and  dry  at  100®. 
The  tin  is  separated  from  the  filtrate  by  sulphuretted  hydi-ogen.1 

b»  Much  Tin  prom  little  Antimony  and  Arsenic. 

If  an  alloy  of  the  three  metals  is  treated  in  a  very  finely  divided  160 
condition  in  a  stream  of  carbonic  acid  with  strong  hydrochloric 
acid,  the  whole  of  the  tin  dissolves  to  protochloiide.  A  part  of 
the  arsenic  and  antimony  escapes  as  arsenetted  and  antimonetted 
hydrogen,  whilst  the  rest  remains  behind  in  the  state  of  metal,  or,  as 
the  case  may  be,  of  a  solid  combination  with  hydrogen.  Conduct 
the  gas  through  several  U-tubes,  containing  a  little  chlorine-fi-ee 
red  fuming  nitric  acid,  whereby  the  arsenic  and  antimony  will  be 
oxidized.  When  the  solution  is  effected,  dilute  the  contents  of  the 
flask  w^ith  air-free  water  to  a  certain  volume,  mix,  allow  to  settle 
and  determine  the  tin  in  an  aliquot  part,  either  gravimetrically 
or  volume trically.  Filter  the  rest  of  the  fluid,  wash  the  j>recipitate 
thoroughly,  dry  the  filter  with  its  contents  in  a  porcelain  crucible, 
add  the  contents  of  the  U-tubes,  evaporate  to  dryness,  and  in  the 
residue  separate  the  antimony  and  arsenic  as  directed  164* 

c.  Tin  from  Gold. 

Gold  may  be  separated  from  excess  of  tin  by  boiling  the  finely  161 
divided  alloy  with  only  slightly  diluted  sulphuric  acid,  to  which 
liydrochloric  acid  has  been  cautiously  added.  The  tin  dissolves  as 
protochloride.  Heat  is  applied  till  the  sidphuric  acid  begins  to 
volatilize  copiously.  Binoxide  of  tin  is  fomied  which  dissolves  in 
the  concentrated  sulphuric  acid,  while  the  gold  remains  behind.  On 
addition  of  much  water,  the  binoxide  of  tin  falls,  mixed  with  finely 
divided  gold,  in  the  form  of  a  purple-red  precipitate.  On  wanning 
-with  concentrated  sulphuric  acid  the  binoxide  of  tin  finally  redis- 
Bolves  while  the  gold  is  left  pure  (H.  Rose*). 

d.  Platinum  from  Gold. 

The  aqua  regia  solution  is  freed  as  far  as  possible  from  nitiic  acid  162 
by  evaporation  with  hydrochloric  acid,  and  treated  with  a  solution 
of  protochloride  of  iron,  the  gold  being  determined  as  directed  § 
123,  h.      The  platinum  maybe  precipitated  from  the  filtrate  by  sul- 
phuretted hydrogen  according  to  §  124,  c. 

8.  JPrecipitcUion  of  Tin  cut  Arseniate  of  the  JBinoxide. 
Tin  from  Arsenic. 
£.  HAFFELTf  has  proposed  the  following  method  of  determin- 

«  Fogg.  AnaaL  112,  17^  f  Phil.  Mag.  x.  m 
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ing  both  tbe  tiii  and  the  arsenic  in  commercial  stannate  of  soda,  163 
which  often  contains  a  large  admixture  of  arseniate  of  soda.  Mix  a 
weighed  sample  with  a  known  quantity  of  arseniate  of  soda  in  excess, 
add  nitric  acid  also  in  excess,  boil,  filter  off  the  precipitate,  which 
has  the  composition  2  Sn  Oj,  As  0^4-10  aq.,  and  wash;  expd 
the  water  by  ignition,  and  weigh  the  residue,  which  consists  of  2  Sn 
O^,  As  O5.  In  the  filtrate  determine  the  excess  of  arsenic  acid  as 
directed  §  127,  2.  The  amount  of  the  binoxide  of  tin  is  found  from 
the  weight  of  the  precipitate,  that  of  the  arsenic  acid  is  obtained 
by  adding  the  quantity  in  the  precipitate  to  the  quantity  in  the  fil- 
trate, and  deducting  the  quantity  added. 

9.    Volumetric  Methods, 

a,  Arsenious  from  Arsekic  Acid. 

Convert  the  whole  of  the  arsenic  in  a  portion  of  the  substance  164 
into  arsenic  acid  and  determine  the  total  amount  of  this  as  directed 
§  127,  5,  6  ;  determine  in  another  portion  the  arsenious  acid  as  di- 
i^cted  in  §  127,  5,  a,  and  calculate  the  arsenic  acid  from  the  dif- 
ference. 

6.  Teroxide  op  Antimony  from  Antimonic  Acid. 

Determine  in  a  sample  of  the  substance  the  total  amount  of  the  165 
antimony  as  directed  §  125, 1,  in  another  portion  that  of  the  lerox- 
ide  as  directed  §  125,  3,  and  calculate  the  antimonic  acid  from  the 
diflerence. 

c.  Protoxide  of  Tin  in  Presence  of  Binoxide. 

In  one  portion  of  the  substance  convert  the  whole  of  the  protox- 166 
ide  into  binoxide  by  digestion  with  chlorine  water  or  some  other 
means,  and  determine  the  total  quantity  of  tin  as  directed  §  126, 
1,  6/  in  another  portion,  which,  if  necessary,  is  to  be  dissolved  in 
hydrochloric  acid  in  a  stream  of  caibonic  acid,  determine  the  pro- 
toxide according  to  §  126,  2. 

II.  eEPARATION  OF  THE  ACIDS  FROM  EACH  OTHER 

It  must  not  be  forgotten  that  the  following  methods  of  separation 
proceed  generally  upon  the  assumption  that  the  acids  exist  either 
in  the  free  state,  or  in  combination  with  alkaline  bases ;  compare 
the  introductory  remarks,  p.  337*  Where  several  acids  are  to  be 
determined  in  one  and  the  same  substance,  we  very  often  use  a  sep- 
arate portion  for  each.  The  methods  here  given  do  not  embrace 
every  imaginable  case,  but  only  the  most  impoi'tant  cases,  and  those 
of  most  frequent  occurrence. 

first  group. 

arsenious  acid — ARSENIC  ACID CHROMIC  ACID — SULPHURIC  ACID 

PHOSPHORIC   ACID BORACIC   ACID — OXALIC   ACID — ^HYDROFLUORIC 

ACID SILICIC   ACID CARfiONIC   ACID. 

§  166. 
1.  Arsenious  Acid  and  Arsenic  Acid  from  all  other  Acids. 
Precipitate  the  arsenic  from  the  solution  by  means  of  sulphuretted  167 
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hydrogen  (§  127,  4,  a  or  b),  filter,  and  determine  the  other  acids  in 
the  filtrate.  It  innst  he  remembered,  that  the  tersulphide  of  arsenic 
will  be  obtained  mixed  with  sulphur  if  chi*omic  acid,  sesquioxide  of 
iron,  or  anj  other  substances  which  decompose  sulphuretted  hydro- 
gen ai'e  present. 

From  those  acids  which  form  soluble  salts  with  magnesia,  arsenic 
acid  maj  be  sepai-ated  also  bj  precipitation  as  arseniate  of  magnesia 
and  ammonia  as  directed  §  127,  2. 

2.  Sulphuric  Acid  from  all  the  other  Acids. 

a.  jFVam  Arseniov^^  Araenicy  JPhoaphoriCy  J^oracicy  Hydrofluo^'iCy 
Oxalicy  Silicic,  and  Carbonic  Acids, ^ 

A.cidify  the  dilute  solution  strongly  with  hydrochloric  acid,  mix  168 
with,  chloride  of  barium,  and  filter  the  sulphate  of  baryta  from  the 
solution,  which  contains  all  the  other  acids.     Determine  the  sulphate 
of  baryta  as  directed  §  132. 

If  acids  are  present  with  which  baryta  forms  salts  insoluble  in 
water  but  soluble  in  acids,  the  sulphate  of  baryta  is  apt  to  carry 
down  with  it  such  salts,  and  this  is  all  the  more  liable  to  happen, 
the  longer  the  precipitate  is  allowed  to  settle.  This  remark  applies 
especially  to  the  oxalate  and  tartrate  of  baryta  and  the  baryta  salts 
of  other  organic  acids  (H.  Rose).  In  such  cases  I  would  recommend, 
after  washing,  to  stop  up  the  neck  of  the  funnel,  and  digest  the  pre- 
cipitate with  a  solution  of  bicarbonate  of  soda,, then  to  wash  with 
water,  with  dilute  hydrochloric  acid,  and  again  with  water.  In 
every  case,  however,  the  purity  of  the  weighed  sulphate  of  baryta 
must  be  tested  as  directed  §  132,  1. 

6.  From  Hydrofluoric  Acid  in  Insoluble  Compounds. 

A  mixture  of  sulphate  of  baryta  and  fluoride  of  calcium  cannot  169 
be  decomposed  by  simple  treatment  with  hydrochloric  acid ;  the  in- 
soluble residue  contains,  besides  sulphate  of  baryta,  sulphate  of  lime 
and  fluoride  of  barium.  The  object  in  view  may  be  attained,  how- 
ever, by  the  following  process  :••— Fuse  the  substance  with  6  parts  of 
carbonate  of  soda  and  potassa,  and  2  parts  of  sihcic  acid  ;  allow  the 
mass  to  cool,  treat  with  water,  and  add  carbonate  of  ammonia  to  the 
solution  obtained ;  filt^er,  wash  the  separated  silicic  acid  with  dilute 
solution  of  carbonate  of  ammonia,  supei*saturate  the  filtrate  with  hy- 
drochloric acid,  and  precipitate  with  chloride  of  barium. 

If  you  wish  to  determine  the  fluoride  also,  acidify  with  nitric  acid, 
precipitate  with  nitrate  of  baryta,  then  saturate  with  carbonate  of 
soda,  and  precipitate  the  fluoride  of  barium  by  spirit  of  wine.  Wash  a 
long  time,  first  with  spirit  of  wine  of  50  per  cent.,  then  with  strong 
alcohol ;  dry,  ignite,  and  weigh.  The  insoluble  residue  left  upon 
treating  with  water  contains  the  baryta  and  lime.  Dissolve  in  hydro- 
shloric  acid,  separate  the  silicic  acid,  and  determine  the  bases  as 
directed  §  154  (H.  Eose). 

c.  Tn  presence  of  a  large  proportion  of  Chromic  Add. 

Xteduce  the  chromic  acid  by  boiling  the  dry  compound  with  con- 170 
eentrated  hydrochloric  acid  (if  this  process  is  conducted  aflor  p.  258, 

*  With  respect  to  the  separation  of  sulphuric  acid  from  selenio  odd,  comp^ 
Vfoblwill  (AimaL  d.  Ghem.  a.  Pharm.  114,  183). 
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it  gives,  at  the  same  time,  the  quantity  of  the  chromic  acid)  ;  dilute 
the  solution  largely,  and  precipitate,  first  the  sulphuric  acid  by  adding 
chloride  of  barium  in  slight  excess,  then  the  excess  of  baryta  by  sul- 
]>huric  acid,  and  lastly  the  sesquioxide  of  chromium  by  ammonia. 

d.  From  Ilydrojiuosiiicic  Acid, 

Precipitate  the  hydrofluosilicic  acid  as  directed  §  133,  then  thesul- 171 
phuric  acid  in  the  filtrate  by  baryta. 

3.  Phosphoric  Acid  from  the  other  Acids. 

rt.  From  the  adds  of  arsenic^  see  167  5  ^^m  sulphuric  addj  see  172 

168. 

h.  From  Chromic  Add. 

Precipitate  the  phosphoric  acid  as  phosphate  of  magnesia  and 
ammonia  (134,  6).  Determine  the  chromic  acid  in  the  filtitite  as 
directed  §  130,  a,  |3,  6,  c,  or  d, 

c.  From  H Oracle  Acid. 

Precipitate  the  phosphoric  acid  with  a  solution  of  chloride  of  mag- 173 
nesium  and  chloride  of  ammonium,  and  determine  it  as  pyrophos- 
phate of  magnesia  (§  134,  b).     Determine  the  boi-acic  acid  in  the 
filtrate  as  directed  §  136,  1.,  c. 

d.  From  Oxalic  Add. 

a.  If  the  two  acids  are  to  be  determined  in  one  portion,  the  aqueous  174 
solutionis  mixed  ^vith  sodio-terchloride  of  gold  in  excess^heat  applied, 
and  the  quantity  of  oxalic  acid  present  calculated  from  that  of  the 
reduced  gold  (§  137,  c,  a).  The  gold  added  in  excess  is  separated 
from  the  filtrate  by  means  of  sulphuretted  hydrogen,  and  the  phos- 
phoric acid  then  precipitated  by  sulphate  of  magnesia.  If  the  com- 
pound is  insoluble  in  water,  hydrochloric  acid  is  used  as  solvent,  and 
the  process  conducted  as  directed  §  137,  c,  j3. 

/3.  If  there  is  enough  of  the  substance,  the  oxalic  acid  is  deter-  176 
mined  in  one  portion  according  to  the  direction  of  §  137,  6  orrf,  and 
the  phosphoric  acid  in  another  poi*tion.  If  the  substance  is  soluble 
in  water,  and  the  quantity  of  oxalic  acid  inconsiderable,  the  phos- 
phoric acid  may  be  precipitated  at  once  with  sulphate  of  magnesia, 
chloride  of  ammonium,  and  ammonia ;  if  not,  the  substance  is  igni- 
ted with  carbonate  of  soda  and  potassa,  which  destroys  the  oxalic 
acid,  and  the  phosphoric  acid  is  determined  in  the  residue. 

e.  Phospliates  from  Fluorides. 

a.    TVie  substance  is  soluble  in  water, 

aa^  If  the  substance  contains  a  rdatively  large  qtiantitj  of  176 
fluorine,  which  will  permit  the  estimation  of  the  latter  from  the 
difference,  precipitate  the  solution  with  exclusion  of  air  by  chlo- 
ride of  calcium  with  addition  of  lime-water  to  alkaline  reaction, 
allow  to  deposit,  decant  through  a  filter,  wash  the  precipitate, 
dry,  ignite,  and  weigh.  It  consists  of  phosphate  of  lime  and 
fluoride  of  calcium.  Heat  an  aliquot  part  in  a  platinum  vessel, 
with  sulphuric  acid,  until  all  the  fluorine  has  escaped  as  hydro- 
fluoric acid,  taking  care  not  to  raise  the  heat  to  a  degree  at 
which  sulphuric  acid  volatilizes  ;  then  determine  the  lime  and 
the  phosphoric  acid  as  directed  §  135,  h.  By  deducting 
the    phosphoric    acid   and  lime  from  the    total  weight   of 
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tlie  precipitate,  the  fluorine  is  found  by  the  fcllowing  propor- 
tion:— 

The  eq.  of  fluorine  less  the  eq,  of  oxygen :  tl  e  eq.  of  fluorine 

the  diflerence  found  :  the  fiuoiine  sought. 

The  fluoiine  may  be  determined  directly  in  another  aliquot 
part,  by  fusing  it  with  acid  pyrophosphate  of  soda,  and  calcula- 
ting the  fluorine  by  comparing  the  actual  loss  of  weight  with  that 
vhich  the  pyrophosphate  would  have  suffered  if  ignited  alone. 
2  (NaO,  HO,  PO5)  +  Ca  Fl  =  NaO,  FO,  +  NaO,  CaO,  TO, 
-f-H  Fl  4-  HO. 

[bb.  If  the  substance  contains  a  relatively  small  proportion  of  177 
fluorine,  this  should  be  determined  directly  by  Fresenius'  me- 
thod. (182 •)  Phosphoric  acid  may  be  estimated  in  a  portion  that 
has  been  evaporated  with  sulphuric  acid,  by  molybdic  solution' 

/?.    The  substance  is  not  soluble  in  water ,  but  decomposahle  by 
acids  (e.g.,  apatite,  bone-ash). 

Dissolve  in  hydrochloric  acid,  evaporate  with  sulphuric  acid,  as  in  178 
176,  until  the  fluorine  is  completely  expelled,  and  determine  in  the 
residue  the  phosphoric  acid  on  the  one  hand,  the  oxides  on  the  other 
hand.  Now,  if  you  know  the  proportion  between  the  phosphoric 
acid  and  the  bases  in  the  analyzed  compound,  you  may  readily  cal- 
culate the  expelled  fluorine  from  the  excess  of  the  bases,  the  oxygen 
of  the  latter  being  equivalent  to  the  fluorine.  Of  course,  it  is  taken 
for  granted  that  other  acids  are  absent,  or  are  determined  in  sepa- 
rate portions. 

y.    !77i€  substance  is  insoluble  in  water  and  not  decomposable  by 
acids. 

Fuse  with  carbonate  of  soda  and  silicic  acid  as  in  169,  treat  the  179 
fused  mass  with  water,  and  the  solution  with  carbonate  of  ammonia. 
You  have  now  in  solution  the  whole  of  the  fluorine  and  phosphoric 
acid  in  combination  with  alkali  (H.  Rose),  and  may  accordingly 
proceed  as  in  176  or  177« 

4.  Fluorides  from  Borates. 

Mix  the  solution  containing  the  acids  in  combination  with  alkali  180 
with  some  carbonate  of  soda,  and  add  acetate  of  lime  in  excess.  A 
precipitate  is  formed,  which  contains  the  whole  of  the  fluorine  as 
fluoride  of  calcium,  and  besides  this,  carbonate  and  some  borate 
of  lime  ;  the  greater  proportion  of  the  latter  having  been  redissolved 
by  the  excess  of  the  lime  salt  added.  Determine  the  fluoiide  of  cal- 
ciutu  in  the  precipitate  as  directed  in  §  138, 1.  The  small  quantity 
of  boi*acic  acid  in  the  precipitate  is,  in  this  process,  partly  volati- 
lized, partly  dissolved,  after  evaporating,  the  mass  with  acetic  acid 
and  extracting  with  water.  It  is  therefore  necessary  to  determine 
the  boi-acic  acid  in  a  separate  portion  of  the  substance ;  this  is 
eflfected  according  to  the  directions  of  §  136,  2  (A.  Stromeyer*). 

5.  Fluorides  from  Silicic  Acid  and  Silicates. 

A  great  many  native  silicates  contain  fluorides  :  care  must,  there- 
fore, always  be  taken,  in  the  analysis  of  minerals,  not  to  overlook 
the  latter. 

*  Annal.  d.  Chem.  u.  Pharm.  100,  91. 
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If  the  silicates  containing  fluoride  are  decomposable  by  acids — 
(which  is  only  rarely  the  case) — and  the  silicic  acid  is  separated  in 
the  usual  way  by  evaporation,  the  whole  of  the  fluorine  may  vola- 
tilize. 

a.  Berzelius^s  method. 

Fuse  the  elutriated  substance  with  4  parts  of  carbonate  of  soda,  for  181 
some  time,  at  a  strong  i*ed  heat ;  digest  the  mass  in  water,  boil, 
filter,  and  wash,  first  with  boiling  water,  then  with  solution  of  car- 
bonate of  ammonia.  The  filtrate  contains  all  the  fluorine  as  fluo- 
ride of  sodium,  and,  besides  this,  carbonate,  silicate,  and  aluminate 
of  soda.  Mix  the  filtrate  with  carbonate  of  ammonia,  and  heat 
the  mixture,  replacing  the  carbonate  of  ammonia  which  evapo- 
rates. Filter  off  the  precipitate  of  hydrate  of  silicic  acid  and 
hydrate  of  alumina,  and  wash  with  carbonate  of  ammonia.  Heat 
the  filtrate  until  the  carbonate  of  ammonia  is  completely  expelled, 
and  determine  the  fluorine  as  directed  §  138.  To  separate  the 
silicic  acid,  decompose  the  two  precipitates  with  hydrochloric  acid 
as  directed  §  140,  II.,  a.* 

h,  Wohler's  method  modified  by  Fresenius.     (Suitable  for  the  182 
analysis  of  all  silicates  and  phosphates  which  are  readily  decomposed 
by  sulphuric  acid;  those  undecomposable  by  this  acid  must  be  fluxed.) 

[The  substance  must  be  reduced  to  an  impalpable  powder;  if  not  a 
silicate,  mixed  intimately  with  10  to  15  times  its  weight  of  fijiely  pul- 
verized quartz,  and  decomposed  in  a  flask  withjt>wr6  concentrated  sul- 
phuric acid  (sp.  gr.  r848) ,  at  a  temperature  not  higher  than  160° 
nor  lower  than  150°  C.  The  fluorine  is  estimated  by  coUecting  and 
weighing  the  fluoride  of  silicon  thus  evolved  (Fresenius),  or  by 
loss  (WoHLER.)  The  former  is  the  only  accurate  method,  especially 
when  small  quantities  are  to  be  determined.  To  displace  fluoride 
of  silicon  completely  from  the  mixture  evolving  it,  long-continued 
aspiration  of  air  is  necessary.  The  apparatus  needful  consists  of 
a  gasholder  of  20 — 30  litres  capacity,  which  should  be  filled  with  pure 
air  from  out-of-doors ;  of  3  flasks  of  about  250  c.  c.  capacity  each ;  and 
of  8  light  U-tubes,  whose  bore  is  12  mm.  and  whose  legs  are  10 — 12 
cm.  long.  Air  is  forced  from  the  gasholder, — firstly,  through  a 
flask  half  filled  with  strong  pure  sulphuric  acid,  then  through  a  U- 
tube  containing  soda  lime,  and  again  through  a  TJ-tube  filled  with 
glass  splinters  moistened  with  strong  sulphuric  acid.  The  air  thus 
freed  from  water  and  carbonic  acid  is  conducted  to  the  bottom  of  a 
second  flask,  containing  the  substance  under  examination  drenched 
with  a  large  excess  of  sulphuric  acid.  This  flask  stands  over  a 
lamp  upon  a  plate  of  cast-iron,  and  to  judge  of  the  temperature  of 
its  contents  another  flask  similarly  filled  with  sulphuric  acid,  in 
which  a  thermometer  is  suspended  by  a  loosely  fitting  cork^  is 
placed  upon  the  same  iron  plate,  the  lamp-flame  being  stationed  be- 
tween them  and  equidistant  from  both.  The  dry  air  streaming 
through  the  decomposing  flask,  heated  to  150° — 160°  canies  on  fluo- 
ride of  silicon  and  a  little  vapor  of  sulphuric  acid,  firstly  into  an 

*  The  whole  of  the  silicic  acid  may  be  removed  from  the  filti^te  by  the  Uea^ 
ment  with  carbonate  of  ammonia :  addition  of  carbonate  of  zinc  and  ammoniaj 
as  reoomm  ended  by  Berzelius,  and  afterwards  by  Eegnaolt,  appears  thervforf 
RuperfluouB  (H.  Rose). 
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empty  TJ-tube^  and  then  into  another  containing,  in  the  first  half,  fused 
(aiihydrous)  diloride  of  calcium,  and  in  the  second  half,  pumice,  im- 
pregnated with  anhydrous  sulphate  of  copper  {p.  289).  The  pure 
fluoride  of  silicon  is  finally  absorbed  in  the  three  remaining  U* 
tubes,  and  is  estimated  by  their  increase  of  weight.  Of  these  tubes, 
tfie  first  contains,  in  the  leg  next  the  decomposing  fiask,  pumice 
moistened  with  water  between  two  cotton  plugs ;  in  the  bend  and 
half  of  the  other  leg,  soda  lime ;  lastly,  fused  chloride  of  calcium  be- 
tween cotton  plugs.  The  weight  of  this  tube  should  be  40-60  grm. 
To  complete  the  absorption,  the  next  (seventh)  U-tube  is  filled  half 
with  fused  soda-lime  and  half  with  fused  chloride  of  calcium ;  and 
the  last  (eighth)  contains  glass  splinters  wet  with  pure  and  strong 
sulphuric  acid,  to  completely  retain  traces  of  water,  which  would 
otherwise  be  carried  oft*  by  the  large  volume  of  heated  air. 

The  tubes  having  been  carefully  adjusted,  and  made  tight  by 
melting  sealing-wax  over  the  corks,  so  much  substance  is  placed  in 
the  decomposing  fiask  as  to  yield,  if  possible,  0*1  grm.  of  fluoride 
of  silicon.  If  a  carbonate  be  present,  this  must  be  removed  by 
heating  the  weighed  substance  with  water  and  a  slight  excess  of 
acetic  acid  (in  case  of  operating  with  a  fluoride  soluble  in  water,  ace- 
tate of  lime  must  also  be  added).  After  the  carbonate  is  decom- 
posed, the  whole  is  evapoi-ated  te  dryness  on  the  water-bath.  The 
residue  is  digested  and  washed  with  water,  dried,  separated  as  well 
as  possible  from  the  filter,  and  mixed  with  the  filter-ash.  The  sub- 
stance is  intimately  mixed,  if  needful,  with  ignited  quartz  powder 
transferred  to  the  decomposing  flask,  the  mortar  being  rinsed  with 
quartz-powder,  and  drenched  with  40 — 50  c.  c.  of  concentrated  sul- 
phuric acid.  The  flask  is  connected  with  the  tubes  on  either  side, 
and  with  frequent  shaking  is  gradually  brought  to  a  temperature 
of  150° — 160°  C.  Incipient  decomposition  is  recognized  by  the  rise  of 
gas  bubbles  in  the  heated  liquid  (which  are  broken  by  agitation)  as 
well  as  by  deposition  of  silica  in  the  tube  containing  moist  pumice. 
As  soon  as  gas-bubbles  cease  to  appear,  which  commonly  happens  af- 
ter an  hour,  when  small  quantities  (0*1  grm.)  of  a  fluoride  are  employed, 
or  after  two  to  three  hours  when  larger  amounts  (1.0  grm.)  are  used, 
the  lamp  is  removed,  the  air  current  stepped,  and  the  three  weighed  ab- 
sorption tubes  are  weighed  again.  During  this  operation  the  break 
in  the  system  of  tubes  is  supplied  by  a  straight  glass  tube.  After 
^^eighing,  the  three  tubes  are  replaced,  the  decomposing  flask  is 
heated  again  te  150°-160°  C„  the  air-current  is  re-established,  and 
the  experiment  continued  i— 1^  hours.  If  the  tubes  sufter  no  fur- 
ther increase  of  weight,  the  operation  is  concluded ;  otherwise  the 
heating,  <Sbc.,  must  be  repeated  until  a  constant  weight  is  obtained. 

For  every  hour  during  which  the  air-current  has  been  passing  the 
apparatus,  deduct  0*001  grm.  from  the  total  increase  of  the  three 
absorption  tubes ;  the  residue  is  fluoride  of  silicon.  This  multiplied 
by  "'    — g}=0-73077,  ^ives  the  fluorine.   Results  good.] 

6.  Fluorides,  Silicates,  and   Phosphates,   ik  presence   o» 

EACH  OTHER. 

Native  compounds  of  fluorides,  silicates,  and  phosphates  are  not  183 
oncommon.     They  are  decomposed  as  in  181.      Complete  decom- 
position of  the  phosphates  is  not  always  effected  in  this  process,  as 
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phospliate  of  lime,  for  instance,  is  only  partially  dtK^mposed  by  fu- 
sion with  carbonate  of  soda.  The  solution  remaining  after  the  re- 
moval of  the  silicic  acid  and  the  volatilization  of  the  carbonate  of 
ammonia,  contains — in  presence  of  phosphates — besides  fluoride  of 
sodium  and  carbonate  of  soda,  also  phosphate  of  soda. 

Neutralize  the  fluid  nearly  with  hydrochloric  acid,  precipitatel84 
with  chloride  of  calcium,  filter,  dry,  and  ignite  the  precipitate,  which 
consists  of  fluoride  of  calcium,  phosphate  of  lime,  and  carbonat-e  of 
lime ;  treat  the  residue  with  acetic  acid  in  excess,  and  evaporate  on 
the  w^ater-bath  to  dryness  and  complete  expulsion  of  the  acetic  acid ; 
extract  the  acetate  of  lime,  into  which  the  carbonate  has  been  con- 
verted by  the  last  oi)eration,  with  water ;  weigh  the  residue,  which 
consists  of  phosphate  of  lime  and  fluoride  of  calcium  ;  and  treat  it 
further  as  directed  in  176.  In  the  original  residue  of  the  first 
operation  and  in  the  precipitate  throw^n  down  by  carbonate  of  am- 
monia, determine  the  silicic  acid,  the  rest  of  the  phosphoric  acid, 
and  the  bases.  The  method  182  i"ay  also  be  employed  for  estimat- 
ing fluorine. 

7.  Silicic  Acid  from  all  other  Acids. 

a.  In  Compounds  which  are  decomposed  by  SydrocMoric  Acid, 

Decompose  the  siibstance  by  more  or  less  protracted  digestion  18S 
with  hydrochloric  acid  or  nitric  acid  evaporate  on  the  water-bath*  to 
dryness  (§  140,  II.,  a),  and  treat  the  residue,  according  to  circum- 
stances, ^\'ith  water,  hydrochloric  acid,  or  nitric  acid  ;  filter  off*  the 
residuary  silicic  acid,  and  determine  the  other  acids  in  the  filtrate. 
In  presence  of  boracic  acid  or  fluorine  this  method  is  inapplicable, 
and  the  process  described  in  b  is  employed  instead.  If  carbonates 
are  present,  the  carbonic  acid  is  determined  in  a  separate  portion  of 
the  substance. 

b.  In  Compounds  which  are  not  decomposed  by  Hydrochlwic 

Acia. 

Decompose  the  substance  by  fusion  with  carbonate  of  soda  andl86 
potassa  (§  140,  II.,  6,  a),  and  either  treat  the  residue  at  once  cau- 
tiously with  dilute  liydroohloric  or  nitric  acid,  and  the  solution  thus 
obtained  as  in  a  ;  or  boil  the  residue  with  water,  precipitate  the  dis- 
solved silicic  acid  from  the  solution  by  heating  with  bicarbonate  of 
ammonia,  filter,  and  in  the  mixed  residue  and  precipitate  determine 
the  silicic  acid  by  treating  with  hydrochloric  acid  and  proceeding 
as  directed  §  140,  II.,  a.,  in  the  filtrate,  determine  the  other  acids. 
Which  of  these  tw^o  methods  may  be  preferable  in  particular  cases, 
depends  upon  the  nature  of  the  bases,  and  upon  the  propoiiion  which 
the  silicic  acid  bears  to  the  latter.  In  presence  of  boracic  acid  or 
fluorine,  the  Isrtter  method  alone  is  applicable. 

8.  Carbonic  Acid  from  all  other  Acids. 

When  carbonates  are  heated  with  stronger  acids,  the   carbonicl87 
Rcid  is  expelled  ;  the  presence  of  carbonates,  therefore,  does  not  in- 
terfere 'w  ith  the  estimation  of  most  other  acids.     And  as,  on  the 
other  hand,  the  carbonic  acid  is  determined  by  the  loss  of  weight  or 
by  combination  of  the  expelled  gas,  the  presence  of  salts  of  non- 

*  A  higher  temperatuie  would  not  answer. 
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volatile  acids  does  not  interfere  with  the  determination  of  the  car- 
bonic acid.  Accordingly,  with  com][X)unds  containing  carbonates, 
sulphates,  phosphates,  (be,  either  the  carbonic  acid  is  determined  in 
one  portion  and  the  other  acids  in  another,  or  both  estimations  are 
performeil  on  one  portion.  In  the  latter  case  the  process  de- 
scribed p.  293,  e,  may  be  used  with  advantage,  the  other  acids  be- 
ing determined  in  the  solution  remaining  in  the  decomposing  flask. 
In  presence  of  fluorides,  one  of  the  weak  non- volatile  acids,  such  as 
tartaric  acid  or  citric  acid,  must  be  employed  to  expel  the  carbojiic 
acid ;  since,  were  sulphuric  acid  or  hydrochloric  acid  used  for  tlie 
purpose,  part  of  the  liberated  hydrofluoric  acid  would  escai>e  with 
the  carbonic  acid.  If,  as  will  occasionally  happen  in  an  analysis, 
a  mixed  precipitate  of  fluoride  of  calcium  and  carbonate  of  lime  is 
thrown  down  from  a  solution,  the  two  salts  may  be  separated  by 
evaporating  with  acetic  acid  to  dryness,  and  exti^acting  the  residue 
with  water ;  the  acetate  of  lime  formed  from  the  cai'bonate  is  dis- 
solved, the  fluoride  of  calcium  is  left  behind. 

SECOND  GROUP, 

HYDROCHLORIC    ACID HYDROBROMIC   ACID — HYDRIODIC   ACID- 
HYDROCYANIC  ACID HYDROSULPHURIC  ACID. 

L  Separation  of  the  Acids  of  the  Second  Group  from 

THOSE  of  the  First, 

§167. 

a.  All  Hie  Adds  of  tite  Second  G-roup  from  those  of  Hie  First, 

Mix  the  dilute  solution  with  nitric  acid,  add  nitrate  of  silver  in  188 
excess,  and  filter  off  the  insoluble  chloride,  bromide,  iodide,  cfec,  of 
silver.  The  filtrate  contains  the  whole  of  the  acids  of  the  first 
group,  the  silver  salts  of  these  acids  being  soluble  in  water  or  in 
nitric  acid.  Carbonic  acid  must,  under  all  circimistances,  be  deter- 
m.ined  in  a  separate  portion.  The  estimation  may  be  effected  after 
§  139,  rf,  or  e.  In  the  first  case  the  remarks  on  p.  289  must  be 
borne  in  mind. 

6.   Some  of  the  Acids  of  tJie  Second  Grroup  from  Acids  of  tlie 
First  Group. 

A  s  it  is  often  inconvenient  for  the  further  separation  of  the  acids  189 
of  the  second  group  to  have  them  all  in  the  form  of  insoluble 
silver  compounds,  the  analysis  is  sometimes  efiected  by  separating 
first  the  acid  of  the  first  group,  then  that  of  the  second.  If  the 
t(\iantity  of  dLsposable  substance  is  large  enough,  the  most  con- 
venient way  generally  is  to  determine  the  several  acids — e.//.,  siU- 
phuric  acid,  phosphoric  acid,  chlorine,  sulphuretted  hydrogen,  tkc. — 
in  separate  ])ortions. 

Of  the  infinite  number  of  combinations  that  may  present  them- 
selves we  will  here  consider  only  the  most  important. 

1.  Sulphuric  Acid  may  be  readily  separated  from  chlorine,  bro- 190 
aiine,  iodine,  and  cyanogen,  by  precipitation  with  a  salt  of  baryta. 
If  the  acids  of  the  second  group  are  to  be  determined  in  the  same 
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portion,  nitrate  of  baryta  or  acetate  of  baryta  is  used  instead  of  chlcv 
ride  of  baiium.  In  presence  of  sulphuretted  hydrogen,  sulphuric 
acid  cannot  be  determined  in  this  way,  as  part  of  the  sulphuretted 
hydrogen  would  be  converted  into  sulphuric  acid  by  the  oxygen  of 
the  air.  The  error  thus  introduced  into  the  process  may  be  very 
considerable  (Fresenius*).  The  sulphuretted  hydrogen  must,  there- 
fore, first  be  removed  by  addition  of  chloride  of  copper,  and  the  sul- 
phuric acid  determined  in  the  filtrate ;  or,  the  sulphiiretted  hydro- 
gen mus^  be  completely  oxidized  into  sulphuric  acid  by  chlorine,  and 
a  corresponding  deduction  afterwards  made  in  calculating  the  quan 
tity  of  tibe  sulphuric  acid. 

2.  PuosPHORic  Acid  may  be  precipitated  by  means  of  nitrate  of  191 
magnesia  and  ammonia,  after  addition  of  nitrate  of  anunonia ;  oxalic 
ACID  by  uitrate  of  lime ;  chlorine,  bromine,  iodine,  &c,y  are  deter- 
mined in  the  filtrate. 

3.  Chlorine  in  Silicates. 

a.  If  the  silicates  dissolve  in  dilute  nitric  acid,  precipitate  the  192 
highly  dilute  solution  with  nitrate  of  silver,  without  appl3dng  heat ; 
remove  the  excess  of  silver  from  the  filtrate  by  dilute  hydrochloric 
acid,  still  without  appljring  heat ;  and  then  separate  the  silicic  acid  in 
the  usual  way. 

b.  If  the  silicate  becomes  gelatinous  upon  its  decomposition  with 
nitric  acid,  dilute,  allow  to  deposit,  filter,  wash  the  separated,  silicic 
acid,  and  treat  the  filtrate  as  in  a. 

c.  If  nitric  acid  fails  to  decompose  the  silicates,  mix  the  substance 
with  carbonate  of  soda  and  potassa,  moisten  the  mass  with  water, 
dry  in  the  crucible,  fuse,  boil  with  water,  remove  the  dissolved  silicic 
acid  by  means  of  carbonate  of  ammonia  and  then  precipitate,  after 
addition  of  nitric  acid,  with  nitrate  of  silver  (H.  Hose). 

4.  Chlorides  in  presence  of  Fluorides. 

If  the  substance  is  soluble  in  water,  the  separation  may  be  effected  198 
as  directed  in  188 ;  but  it  is  more  convenient  to  precipitate  the 
fluorine  with  nitrate  of  lime,  and  Oie  chlorine  in  the  filtrate  with 
nitrate  of  silver.     Insoluble  compounds  are  fused  with  carbonate  of 
soda  and  silicic  acid. 

5.  Chlorine  in  presence  of  Fluorine  in  Silicates. 

Proceed  as  directed  18  .     Saturate  the  alkaline  filtrate  nearly  194 
with  nitric  acid,  jjrecii)itate  with  nitrate  of  lime,  separate  the  fluoride 
of  calcium  and  the  carbonate  of  lime  as  directed  in  187>  ^^^  precipi- 
tate the  chlorine  in  the  filtrate  by  nitrate  of  silver. 

6.  Sulphides  in  Silicates. 

If  the  substance  is  decomposable  by  acids,  reduce  it  to  the  veryl95 
finest  powder,  and  treat  with  fuming  nitric  acid  free  from  sulphuric 
acid  (§  148  II.,  2,  a,  p.  326).  AVhen  the  sulphur  is  completely  oxi- 
dized, dilute,  filter  off  the  silicic  acid,  add  carbonate  of  ammonia  to 
the  filtrate,  to  remove  the  portion  of  silicic  acid  which  may  possibly 
have  dissolved;  filter  again,  and  determine  in  the  filtrate  the  sulphii- 

^^     ■^^^^»  -  —      —  -  —  ■     -  —      — _  -  ..,     —  .,__--        _  —  ■^_-,^^ 

*  Joam.  f.  prakt.  Chem.  70,  9. 
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ric  acid  fonned.  If,  on  the  contrary,  the  substance  is  not  de- 
composable by  acids,  fuse  with  4  parts  of  carbonate  of  soda  and  1 
part  of  nitrate  of  potassa,  boil  the  fused  mass  with  water,  filter,  re 
move  the  dissolved  silicic  acid  from  the  filtrate  by  carbonate  of  am* 
monia  (  181))  filter  again,  and  determine  in  the  filtrate  the  sulphu> 
ric  acid  produced  from  the  sulphur. 

JSupplement. 

Analysis  oP"  Compounds,  containing  Sulphides  op  the  AlKali 
Metals,  and  Alkaline  Carbonates,  Sulphates,  and  Hypo- 
sulphites. 

§  168. 

The  following  method  was  first  employed  by  G.  Werthbr*  in  the  196 
examination  of  gunpowder  residues. 

Put  the  Hubbtailce  into  a  flask,  add  water,  in  wliich  a  sufficient 
quantity  of  carbonate  of  cadmium  f  is  suspended ;  cork,  and  shake 
the  vessel  welL  The  sulphide  of  the  alkali  metal  decomposes  com- 
pletely with  the  carbonate  of  cadmium.  Filter  the  yellowish  precipi- 
tate off,  and  treat  it  with  dilute  acetic  acid  (not  with  hydrochloric) ; 
the  carbonate  of  cadmium  dissolves,  the  sulphide  of  cadmium  is  left 
undissolved.  Oxidize  the  latter  with  chlorate  of  potassa  and  nitric 
acid  (p.  327),  and  precipitate  with  chloride  of  barium  the  sulphu- 
ric acid  formed  from  the  sulphide. 

Heat  the  fluid  filtered  from  the  yellow  precipitate,  and  mix  with 
solution  of  neuti-al  nitrate  of  silver.  The  precipitate  thrown  down 
by  that  reagent  consists  of  carbonate  of  silver  and  sulphide  of  silver 
(\L  O,  SA-f-Ag  O,  N  05=K  O,  S  Oa  +  Ag  S4-N  O,).  Remove 
the  former  salt  by  means  of  ammonia,  and  precipitate  the  silver  from 
the  ammoniacal  solution — after  acidifying  with  nitric  acid — by  means 
of  chloride  of  sodium.  Each  1  eq.  cliloride  of  silver  so  obtained  cor- 
responds to  1  eq.  carbonate. J  Dissolve  the  sulphide  of  silver  iu 
dilute  boiling  nitric  acid,  determine  the  silver  in  the  solution  as 
chloride  of  silver,  and  calculate  from  the  result  the  quantity  of  the 
hyposulphite ;  1  eq.  Ag  CI  corresponds  to  2  eq.  sulphur  in  hyposul- 
phurous  acid,  and  accordingly  to  1  eq.  hyposulphite  (K  O,  S/).j). 

From  the  fluid  filtered  from  the  sulphide  and  carbonate  of  silver 
remove  first  the  excess  of  silver  by  means  of  hydrochloric  acid,  and 
then  precipitate  the  sulphuric  acid  by  a  salt  of  baryta.  From  the 
sulphuric  acid  found  you  have,  of  courae,  to  deduct  the  quantity  of 
that  acid  resulting  from  the  decomposition  of  the  hyposulphurous 
acid,  and  accordingly  for  1  part  by  weight  of  chloride  of  silver 
formed  from  the  sulphide,  0*38  pai*ts  by  weight  of  sulphuric  acid. 
The  difference  gives  the  amount  of  sulphuric  acid  originally  present 
jn  the  analyzed  compoimd.  By  way  of  control,  you  may  determine, 
(n  the  fluid  filtered  from  the  sulphate  of  baryta,  the  alkali  as  sul- 
phate as  directed  in  §  97  or  §  98. 

^  Joaro.  f.  prakt.  Cfaom.  55,  22. 

f  To  obtain  the  carbonate  of  Cftdmium  free  from  alkali,  carbonate  of  aran'.onia 
MJUtt  be  TMed  as  procipitant. 

X  A  quantity  equivalent  to  the  sulphide  found  has  to  be  deducted  from  bhii 
IK  S  +  Cd  0,  C  Oj=Cd  S+K  O,  C  Oj). 
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11.  Separation  of  the  Acros  op  the  Second  Grocp 

FROM    EACH  OTHER. 

§  169. 

1.  Chlorine  from  Bromine. 

All  the  methods  of  direct  analysis  hitherto  proposed  to  effect 
the  separation  of  chloiine  from  bromine  are  defective.  The  bro- 
mine is  therefore  usually  determined  indirectly. 

a.  Precipitate  with  nitrate  of  silver,  wash  the  precipitate,  dry,  19? 
fuse,  and  weigh.  Transfer  an  aliquot  part  of  the  mixed  chloride 
and  bromide  of  silver  to  a  light  weighed  bulb-tube,*  fuse  in  the 
bulb,  let  the  mass  cool,  and  weigh.  This  operation  gives  both  the 
total  weight  of  the  tube  with  its  contents,  and  the  weight  of  the 
portion  of  mixed  chloride  and  bromide  of  silver  in  the  bulb.  The 
greatest  accuracy  in  the  several  weighings  is  indispepsable.  Now 
transmit  through  the  tube  a  slow  stream  of  dry  pure  chlorine  gas, 
heat  the  contents  of  the  b\ilb  to  fusion,  and  shake  the  fused  mass 
occasionally  about  in  the  bulb.  After  the  lapse  of  about  20  min- 
utes, take  off  the  tube,  allow  it  to  cool,  hold  it  in  an  oblique  posi- 
tion, that  the  chlorine  gas  may  be  replaced  by  atmospheric  air,  and 
then  weigh.  Heat  once  more,  for  about  10  minutes,  in  a  stream  of 
chlorine  gas,  and  weigh  again.  If  the  two  last  weighings  agree,  the  ex- 
periment is  terminated ;  if  not,  the  opei*ation  must  be  repeated  once 
more.  The  loss  of  weight  suffered,  multiplied  by  4*2203  gives  the 
quantity  of  the  bromide  of  silver  decomposed  by  the  chloiine.  For 
the  proof  of  this  rule  see  §  197. 

This  method  gives  very  accurate  results,  if  the  proportion  of  bro- 
mine present  is  not  too  small;  but  most  \incertaln  results  in  cases 
where  mere  traces  of  bromine  have  to  be  detennined  in  presence  of 
large  quantities  of  chlorides,  as  for  instance  in  salt-springs.  To 
i*ender  the  method  available  in  such  cases,  the  great  point  is  to  pro- 
duce a  silver  compound  containing  all  the  bromine,  and  only  a  small 
part  of  the  cJilorine.  'Ill is  end  may  be  attained  in  several  ways. 
In  these  pro<!esses  the  quantity  of  chlorine  is  found  by  completely 
precipitatiiif/  a  separate  poi-tion  with  silver  solution,  and  deducting 
the  bromitio  of  silver  found  from  the  weight  of  the  precipitate. 

a.  Mix  the  solution  with  earlx)nate  of  soda  in  excess,  filter  if  ne- 
cessary. Hvaporate  nearly  to  diyness,  extract  the  residue  with  hot 
absolute  alcohol ;  the  solution  contains  the  whole  of  the  alkaline 
metallu'  bromide,  and  only  a  small  portion  of  the  alkaline  metallic 
chlorid<» ;  add  a  drop  of  soda  solution,  and  evaporate ;  dissolve  the 
residue  in  water,  acidify  with  nitric  acid,  and  precipitate  with 
silvei  solution. 

3    'Tehling's  method,  f 

Mix  the  solution  cold  with  a  quantity  of  solution  of  nitrate  of  198 
BJlxpr  not  nearly  sufficient  to  effect  complete  precipitation,  shaking 
tlie  mixture  vigorously,  and  leave  the  precipitate  for  some  time  in 
tl  e  fluid,  with  repeated  shaking.     If  the  amount  of  the  precipitate 

w^ -  -  ■  I  I  — - -      —     ,,  — 

'■  Tho  best  way  of  effecting  the  removal  of  the  fused  mass  from  the  oradhls 
If  So  fuse  again,  and  then  pour  out. 
t  Joum.  f.  prakt.  Chem.  45,  269. 
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produced  corresponds  at  all  to  the  quantity  of  bromine  present,  tlie 
whole  of  the  latter  substance  is  obtained  in  the  precipitate. 

Fehling  gives  the  following  rule  : — 

If  the  fluid  contains  0*1^  bromine,  use  -J-  or  ^  the  quantity  of  so- 
lution of  nitrate  of  silver  that  would  be  required  to  effect  complete 
precipitation ;  if  O'Ol^,  -jV ;  if  0*002  J,  -5*5 ;  if  0-001^, ^. 

Wash  the  mixed  precipitate  of  chloride  and  bromide  of  silver 
ikoroughly  ;  dry,  ignite,  weigh,  and  treat  with  chlorine,  as  above. 

/.  Marchand*  has  slightly  modified  Fehling's  method.  Hel98 
reduces  with  iinc  the  mixed  precipitate  of  chloride  and  bromide  of 
silver  obtained  by  Fehling's  fractional  precipitation ;  decomposes 
the  solution  of  chloride  and  bromide  of  zinc  with  carbotiate  of 
soda;  evaporates  to  dryness,  and  extracts  the  residue  with  absolute 
alcohol,  which  dissolves  all  the  bromide  of  sodium  with  only  a  little 
of  the  chloride  of  sodium;  he  then  evaporates  the  solution  to  dry- 
ness, takes  \ip  the  residue  with  water,  precipitates  again  with  solu- 
tion of  nitrate  of  silver,  and  subjects  a  part  of  the  weighed  preci- 
pitate to  the  ti-eatment  with  chloi-ine. 

^.  If  a  fluid  containing  chlorides  in  presence  of  some  bromide,  is 
heated,  in  a  distillation  flask,  with  hydrochloric  acid  and  binoxide 
of  manganese,  the  whole  of  the  bromine  passes  over  before  any  of 
the  chlorine.  Upon  this  circumstance,  Moiiii  \  bases  the  following 
method  for  effecting  the  concentration  of  bromine : — 

Distil  as  stated,  and  conduct  the  vapoi*s,  through  a  doubly  bent 
tube,  into  a  wide  Woulf's  bottle,  which  contains  some  strong  sohi- 
tion  of  ammonia.  Dense  fumes  form  in  the  bottle,  filling  it  gi-a- 
dually.  Conduct  the  excess  of  vapors  from  the  'firet  into  a  second 
bottle,  with  nan-ow  neck,  which  contains  ammoniated  water.  Both 
bottles  must  be  sutficiently  large  to  allow  no  vapors  to  escape. 
When  the  whole  of  the  bromine  is  evolved,  which  may  be  distinctly 
seen  by  the  color  of  the  space  above  the  liquid  in  the  distillation 
flask  and  tubes,  raise  the  cork  of  the  flask  to  prevent  the  receding 
of  bromide  of  ammonium  fumes.  Let  the  apparatus  cool,  and 
unite  the  contents  of  the  two  bottles ;  the  fluid  contains  the  whole 
of  the  bromine,  with  a  relatively  small  portion  of  the  chlorine. 

b.  Instead  of  treating  the  mixed  chloride  and  bromide  of  silver  2  90 
in  a  current  of  chlorine  as  in  a,  it  may  also  be  reduced  to  metallic 
silver  in  a  current  of  hydrogen.  After  accurately  determining  the 
weight  of  the  reduced  metal,  calculate  the  amount  of  chloride  of 
silver  equivalent  to  it ;  subtract  from  this  the  weight  of  the  chloride 
and  bromide  of  silver  subjected  to  the  reducing  process,  and  we 
have  the  same  diflerence  as  served  in  a  for  the  point  of  departure 
of  the  calculation  (Wackexroder).  It  will  be  seen  that  one  and 
the  same  portion  of  mixed  bromide  and  chloride  of  silver  may  be 
treated  first  as  directed  in  a,  then,  by  way  of  control,  as  directed  in 
6.  The  difference  found  in  the  direct  way  in  the  first,  and  by  cal- 
culation in  the  second  experiment,  between  the  weight  of  the  mixed 
chloride  and  bromide  of  silver  and  the  amount  of  chloride  of  silver 
ecpiivalent  to  it,  must  be  the  same. 

e.  PiSAXi   recommends  to  add  a  known  quantity  of  solution  of  201 
nitrate  of  silver  in  slight  excess,  filter,  and  determine  the  silver  in 

*  Jonxn.  f  .  prakt.  Chem.  47,  363.  f  Annal.  d.  Chom.  u.  Phann.  98,  80. 
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the  filtrate  by  iodide  of  starch  (p.  215).     The  precipitate  is  weighed 
as  in  c.     Tliis  method  precludes  the  partial  precipitation. 

d.  Determine  in  a  portion  of  the  solution  the  chlorine-|- bromine  208 
(by  precipitating  with  solution  of  silver),  either  gravimetrically  or 
volumetrically ;  in  another  portion  the  bromine,  either  by  the  colon- 
metric  method  (8  143, 1.,  c),  or  by  the  volumetric  method  (§  143, 1., 
h).  Calculate  the  chlorine  from  the  difference.  The  method  is 
very  suitable  for  an  expeditious  analysis  of  mother-liquors. 

2.  Chlorine  prom  Iodine. 

a.  Proceed  exactly  as  for  the  indirect  determination  of  bromine 208 
in  presence  of  chlorine  (197)-  The  loss  of  weight  suffered  by  the 
silver  })recipitate  in  the  fusion  in  chlorine  gas,  multiplied  by  2*567, 
gives  the  quantity  of  the  iodide  of  silver  decomposed  by  chlorine. 
The  methods  described  in  200  &)^d  201)  m&y  also  be  employed. 
The  results  obtained  by  thesie  methods  in  the  case  of  chlorine  and 
iodine  are  still  more  accurate  than  in  the  case  of  chloiine  and 
bromine,  as  the  equivalents  of  iodine  and  chlorine  differ  £ir  more 
widely  than  those  of  chlorine  and  bromine. 

6.  Add  to  the  solution  ^  c  c.  of  standard  solution  of  iodide  of  204 
starch  (p.  215),  then,  drop  by  drop,  with  stirring,  standaixl  solution 
of  silver  (p.  304),  until  the  iodide  of  starch  is  decolorized.  The 
amount  of  silver  solution  used  (after  deducting  the  small  quantity 
required  for  the  decolorization  of  the  \  c.  c.  of  iodide  of  starch 
solution  added,  and  which  must  be  separately  determined)  corre- 
sponds exactly  to  the  amount  of  iodine  in  the  analyzed  compound ; 
for  iodide  of  starch  is  decolorized  before  the  preci[>itation  of 
chlorine  begins.  To  determine  now  the  chlonne  also,  add  again 
solution  of  nitrate  of  silver  in  slight  excess,  filter,  and  determine 
the  excess  of  silver  in  the  filtrate  by  means  of  iodide  of  stai'ch 
(p.  215).  Deduct  the  amount  of  solution  of  nitrate  of  silver  cor- 
responding to  the  ^  c  c.  of  iodide  of  starch  solution  added,  and  to 
the  iodine  present,  as  well  as  the  excess  of  silver  solution  from  the 
total  quantity  added,  and  calculate  the  chlorine  from  the  difference. 
This  method  is  expeditious;  the  results  are  accurate  (Pisani*). 
Compare  also  Expt.  No.  94. 

The  following  methods  are  especially  adapted  for  the  determina* 
tion  of  small  quantities  of  iodide  in  the  presence  of  large  quanti- 
ties of  chloride : — 

c.  Mix  the  solution  with  a  few  drops  of  solution  of  hyponitric205 
acid  in  sulphuric  acid,  or  with  red  fuming  nitric  acid,  add  4  to  5 
grm.  bisulphite  of  carbon,  shake  violently,  separate  the  violet-colored 
bisulphide  from  the  fluid  containing  the  chlorine  (and  bromine)  by 
cautious  decantation,  and  shake  the  decanted  fluid  with  fresh  bisul- 
phide. After  the  violet  bisulphide  has  been  washed  by  decantation, 
the  water  being  poured  oft'  through  a  filter,  the  iodine  may  be  deter- 
mined as  follows :  The  solution  should  be  in  a  stoppei^ed  bottle, 
covered  with  a  layer  of  water.  Add  a  dilute  solution  of  hyposul- 
phite of  soda,  with  shaking,  finally  after  addition  of  every  two 
drops.  The  violet  coloration  gradually  disappears.  The  end-point 
is  easy  to  hit  with  perfect  certainty.     Now  determine  the  value  of 


*  Compt  rend.  44,  352 ;  Joorn.  f .  prakt  Chem.  73,  906. 
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the  solution  of  h}  posulphite,  by  shaking  a  few  c.  c.  of  standard 
iodine  solution  wilii  bisulphide  of  carbon,  and  then  adding  hyposul- 
phite to  decoloration'.     Results  good. 

d.  Precipitate  a  portion  with  silver  solution  and  determine  the  206 
chlorine  -f-  iodine;  in  a  second  portion  estimate  the  iodine  volu- 
me trically  (§  145,  I.,  c,  or  (f),  and  calculate  the  chlorine  from  the 
difference. 

e.  For  technical  purposes  the  following  method  is  also  suitable.   It  207 
was  recommended  by  Wallace  and  Lamont*  for  the  estimation  of 
iodine  in  kelp.     The  kelp-lie  is  nearly  neutralized  with  nitric  acid, 
evaporated  to  diyness,  and  the  residue  fused  in  a  platinum  vessel 

to  oxidation  of  all  the  sulphides.  Treat  with  water,  filter,  add 
nitrate  of  silver  till  the  precipitate  appears  perfectly  white,  wash, 
digest  with  strong  ammonia,  and  weigh  the  residual  iodide  of  silver. 
Finally,  add  to  the  weight  of  the  latter  the  amount  which  passes 
into  solution  in  the  ammonia ;  it  is  s^^  of  the  aqueous  ammonia 
(sp.  gr.  0*89)  used. 

3.  Chlorine,  Bromine,  and  Iodine  from  each  other. 

a.  Determine  in  a  portion  of  the  compound  the  chlorine,  bro-  208 
mine  and  iodine,  jointly  by  precipitation  with  nitrate  of  silver. 
Determine  the  silver  in  tlie  weighed  precipitate  as  in  200  •  Or 
add  a  known  quantity  of  solution  of  nitrate  of  silver  in  slight  excess, 
filter,  and  determine  the  small  excess  of  silver  in  the  filtrate  by 
means  of  iodide  of  starch  (201). 

Determine  the  iodine  separately  by  DuPRfi's  method  (see  below), 
calculate  the  quantity  of  iodide  of  silver  and  of  silver  con*esponding 
to  the  amount  of  iodine  found,  deduct  the  calculated  amount  of  iodide 
of  silver  from  the  mixed  iodide,  chloride,  and  bromide  of  silver,  that 
of  the  silver  from  the  known  quantity  of  the  metal  contained  in  the 
mixed  compound  ;  the  remainders  are  respectively  the  joint  amoimt 
of  chloride  and  bromide  of  silver,  and  the  quantity  of  the  metal  con- 
tained therein ;  these  are  the  data  for  calculating  the  chlorine  and 
bromine  (200)- 

As  regards  the  estimation  of  iodine  in  presence  of  bromides,  A. 
and  F.  Dupr6  found  that  if  the  solution  of  an  iodide  contains  1 
part  of  bromide  of  potassium,  or  more,  in  1500  parts  of  watei*, 
protobromide  of  iodine  (I  Br)  is  foinned  upon  addition  of  chlorine 
water ;  if  the  solution  contains  less  than  1  part  of  bromide  of  potas- 
sium in  1500  parts  of  water,  higher  bromides  in  varying  propor- 
tions are  formed  in  addition  to  the  protobromide.  If  the  solution 
contains  only  1  part  of  bromide  of  potassium  to  13000  parts  of 
water,  pentabromide  of  iodine  alone  is  formed.  If  the  iodine  was 
dissolved  in  bisulphide  of  carbon,  the  conversion  into  I  Br  is 
marked  simply  by  the  change  of  the  violet  color  of  the  fluid  to  yel- 
lowish brown  (zirconium  color),  whereas  the  formation  of  I  Brg  is 
marked  by  the  change  of  violet  to  white. 

Upon  these  reactions  A.  and  F.  DuPRfi  have  based  the  following 
method  : — ^Test  the  fluid  flrst  by  adding  bisulphide  of  carbon,  and 
then,  gradually,  chlorine  water,  to  see  whether  the  color  will  change 
from  violet  to  white.     If  this  is  not  the  case,  dilute  to  the  required 

*  Ghem.  Gas.  1859,  187. 
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degree,  and  to  make  quite  sure,  add  one-half  more  water ;  then  pro* 
ceed  as  directed  §  145,  I.,  c,  a  or  /?.  A.  and  F.  DuprA  obtained 
most  satisfactory  results  by  this  process ;  the  method  is  particulai*- 
ly  recommended  for  the  determination  of  small  quantities  of  iodine 
in  lies  which  contain  large  quantities  of  chlorides,  and  not  too 
small  quantities  of  bromides.  If  the  latter  €ure  too  small,  exact  re- 
sults cannot  be  obtained  by  the  indirect  method,  on  which  the  bro- 
mine estimation  is  based.  To  determine  bromine  dii-ectly,  we  may, 
after  adding  a  sufficient  quantity  of  chlorine  water  to  destroy  tlie 
violet  color  of  the  bisulphide,  and  consequently  to  form  I  Cl^,  or, 
as  the  case  may  be,  I  Br^  (6  eq.  chlorine  =  1  eq.  iodine),  add  more 
chlorine  water  till  the  whole  of  the  bromine  is  converted  into  Br 
CI.  2  eq.  of  this  second  quantity  of  chlorine  cori-espond  to  1  eq. 
bromine  (A.  Reimann).  The  details  will  be  found  §  143,  I.,  b. 
To  explain,  I  will  suppose  the  case  in  which  5  eq.  K  Br  and  1  eq. 
K  I  are  present.  K  I  -f  5  K  Br  -f  6  CI  =  6  K  CI  -f  I  Br^  and  I 
Br^  -f  10  CI  =  I  CI,  +  5  Br  CI. 

6.  Proceed  generally  as  in  a,  but  determine  the  iodine  by  Pisani's  209 
method  (204)*     This  method  also  gives  veiy  satisfactory  results, 
especially  in  the  presence  of  large  quantities  of  iodides.     Presence 
of  bromides  does  not  interfere  with  the  accuracy  of  the  estimation 
of  the  iodine  (Expt.  No.  95). 

4.  Analysis  op  Iodine  containing  Chlorine. 

a.  Dissolve  a  weighed  quantity  of  the  dried  iodine  in  cold  sul-  210 
phurous  acid,  precipitate  with  solution  of  nitrate  of  silver,  digest 
the  preci[)itate  with  nitric  acid,  to  remove  the  sulphite  of  silver 
which  may  have  coprecipitated,  and  weigh.  The  calculation  of  the 
iodine  and  chlorine  is  made  by  the  following  equations,  in  which 
A  repi'esents  the  quantity  of  iodine  analyzed,  x  the  iodine  contained 
in  it,  y  the  chloiine  contained  in  it,  and  £  the  amount  of  chloride 
and  iodide  of  silver  obtained: — 

X  +  y  =  Ay  and 
Af^  +  I       Aff+  CI 

7—^+ ci 2/  =  ^ 

Now  at 

Aff  +  I 
■   — 7^-=l-8M 

and 

Ag-^  CI 

—a-  =  *o« 

we  have 

JB- 1-851^ 

y~        2^194^ 

6.  If  yoii  have  free  iodine  and  free  chlorine  in  solution,  deter-  211 
mine  in  one  portion,  after  heating  with  sulphurous  acid,  the  iodine 
as  iodide  of  palladium  (§  145, 1.,  5),  and  treat  another  portion  as  di- 
rected 8  146,  1.     Deduct  from  the  apparent  amount  of  iodine  found 
by  the  latter  procei  s,  the  actucd  quajatity  calculated  from  the  iodide 


g  169.1  ACIDS  OF  OROUP  II.  417 

of  palladium ;  the  diffeTenoe  expresses  the  amount  of  iodine  equiva- 
lent to  the  chlorine  contained  in  the  substance. 

5.  Analysis  of  Bromine  containing  Chlorine. 

a.  Proceed  exactly  as  in  21 O9  weighing  the  bromine  in  a  small  212 
glass  bulb.     Taking  ^  to  be  equal  to  the  analyzed  bromine,  B  to 
Uie  bromide  and  chloride  of  silver  obtained,  x  to  the  bromine  con- 
tained in  A,  y  to  the  chlorine  contained  in  A,  the  calculation  is 
made  by  the  following  equations  : — 

X  A-  y  :=z  A 
and 

B  -  2-35  A 

y  = 

1-695 

hn  Mix  the  weighed  anhydrous  bromine  with  solution  of  iodide  213 
of  potassium  in  excess,  and  determine  the  separated  iodine  as  di- 
rected §  146. 

From  these  data,  the  respective  quantities  of  bromine  and  chlo- 
rine are  calculated  by  the  following  equations.  Let  A  represent 
the  weighed  bromine,  i  the  iodine  found,  y  the  chlorine  contained 
in  ^1 X  the  bromine  contained  in  Ay  then 

X  -{-  y  =z  A 

t— 1-5866  J. 

y  = 

1-991 
HuNSEN,  the  originator  of  methods  4  and  5,  has  experimentally 
proved  their  accuracy.* 

6.  Cyanogen  prom  Chlorine,  Bromine,  or  Iodine. 

a.  Precipitate  with  solution  of  nitrate  of  silver,  collect  the  pre-  214 
eipitate  upon  a  weighed  filter,  and  dry  in  the  water-bath  until  the 
weight  rerbains  constant ;   then  determine   the  cyanogen  by  the 
method  of  organic  analysis ;  the  diderence  expresses  the  quantity 
of  the  chlorine,  bromine,  or  iodine. 

6.  Precipitate  with  solution  of  nitrate  of  silver  as  in  a,  dry  the  216 
precipitate  at  100°,  and  weigh.  Heat  the  precipitate,  or  an  aliquot 
part  of  it,  in  a  porcelain  crucible,  with  cautious  agitation  of  the 
contents,  to  complete  fusion ;  add  dilute  sulphuric  acid  to  the  fused 
mass,  then  reduce  by  zinc,  filter  the  solution  from  the  metallic  silver 
and  pamcyanide  of  silver,  and  determine  the  chlorine,  iodine,  or  bro* 
mine  in  the  filtrate,  in  the  usual  way  by  solution  of  nitrate  of  silver. 
The  cyanide  of  silver  is  the  difference.  Neubauer  and  Kerner  f 
obtained  very  satisfactory  results  by  this  method. 

c.  Determine  the  radicals  jointly  in  a  portion  of  the  solution,  by  216 
precipitating  with  solution  of  nitrate  of  silver,  and  the  cyanogen  in 
another  portion,  in  the  volumetric  way  (§  147,  I.,  6). 

7.  Ferro-  or  Ferricyanooen  prom  Hydrochloric  Acid. 

To  analyse  say  ferro-  or  ferricyanide  of  potassium,  mixed  with  217 
the  chloride  of  an  alkali  metal,  determine  in  one  portion  the  ferro-  or 
lerricyanogen  as  directed  §  147,  II.,  g\  acidify  another  portion  with 
nitric  acid,  precipitate  with  solution  of  nitrate  of  silver,  wash  the 

'^  *  4iiiuJ  d.  Ghem.  a.  Pharm.  86,  274,  276.  f  ^i^  ^^l*  ^41 

21 


^18  SKPARATION.  [§  17Q 

precipitate,  fuse  with  4  parts  of  carbonate  of  i*oda  and  1  part  of 
nitrate  of  potassa,  exti'act  the  fused  mass  with  water,  and  deiennine 
the  chlorine  in  the  solution  as  directed  in  §  141. 

8.  Sulphuretted  Hydrooen  from  Hydrochloric  Acid. 

The  old  method  of  8epai*ating  the  two  acids  bj  means  of  a  metallic  218 
salt  is  liable  to  give  false  results,  as  part  of  the  chloride  of  the  metal 
may  fall  down  with  the  sulphide.  We  therefore  precipitate  both  as 
silver  compounds,  dry  the  precipitate  at  100^,  and  determine  the 
sulphur  in  a  weighed  portion  ;  of — and  this  is  usually  preferred — 
determine  in  a  portion  of  the  solution  the  sulphuretted  hydrogen  as 
directed  §  148, 1,  a,  ft,  or  c,  in  another  portion  the  sulphur  -f-  chlorine 
in  form  of  silver  salts.  If  you  employ  a  solution  of  nitrate  of  silver 
mixed  with  excess  of  ammonia,  for  the  determination  of  the  sul- 
phuretted hydrogen,  you  may,  after  filtering  off  the  sulphide  of 
silver,  estimate  the  chloiine  directly  as  chloride  of  silver,  by  adding 
nitric  acid,  and,  if  necessary,  more  neutral  silver  solution.  To  remove 
sulphuretted  hydrogen  from  an  acid  solution,  in  order  that  chlorine 
may  be  determined  in  the  latter  by  means  of  nitrate  of  silver,  H. 
Hose  recommends  to  add  solution  of  sulphate  of  sesquioxide  of  iron, 
which  will  effect  the  separation  of  sulphur  alone;  the  separated 
sulphur  is  allowed  to  deposit,  and  then  filtered  off. 


third  group. 

Nitric  Acid — Chloric  Acid. 

I.  Separation  of  the  Acids  of  the  Third  Group  from  those  of 

the  first  two  Groups. 

§  170. 

a.  If  you  have  a  mixture  of  nitric  acid  or  chloric  acid  with  219 
another  free  acid  in  a  fluid  containing  no  bases,  determine  in  one 
portion  the  joint  amount  of  the  free  acid,  by  the  acidimetric  method 
(see  Special  Part),  in  another  portion  the  acid  mixed  with  the  chloric 

or  nitric  acid,  and  calculate  the  amount  of  either  of  the  latter  from 
the  difference. 

b.  If  you  have  to  analyze  a  mixture  of  a  nitrate  or  chlorate  with  280 
some  other  salt,  determine  in  one  portion  the  nitric  acid  or  chloric 
acid  volumetricaDy  (§  149,  II.,  d,  a  or  /3,  or  II.,  e,  and  §  150),  or 
•Jie  nitric  acid  by  §  149,  II.,  a,  ;3  ;  and  in  another  portion  the  other 
acid.  I  think  I  need  hardly  remark,  that  no  substances  must  be  pre- 
sent which  would  interfere  with  the  application  of  these  methods. 

c.  From  the  chlorides  of  those  metals  which  form  with  phosphoric  221 
acid  insoluble  tribasic  phosphates,  the  salts  of  the  acids  of  the  third 
group  may  be  separated  also  by  digesting  the  solution  with  recently 
precipitated  thoroughly  washed  tribasic  phosphate  of  silver  in  excess, 
and  boiling  the  mixture.  In  this  process  the  chlorides  transpose 
with  the  phosphate — chloride  of  silver  and  phosphate  of  the  metal 
with  which  the  chlorine  was  originally  combined  being  formed,  which 
both  separate,  together  with  the  excess  of  the  phosphate  of  silver. 
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• 

whilst  the  chlorates  and  nitrates  remain  in  solution  (Chenevix  ; 
Lassaione*). 

dU  The  estimation  of  an  alkaline  chlorate,  in  presence  of  a  chloiide,  222 
may  be  effected  also  as  follows : — Take  two  portions  of  the  substance, 
determine  the  chlorine  by  means  of  silver  solution,  in  one  dii*ectly,  in 
the  other  after  reduction  of  the  chloric  acid  by  cautious  ignition  or 
by  nascent  hydrogen  (§  150,  II.,  c).  Calculate  the  chloric  acid  from 
the  difference  in  the  precipitates  of  chloride  of  silver. 

IL  Sepabation  of  the  Acids  of  the  Third  Group  from 

EACH   OTHER. 

We  have  as  yet  no  method  to  effect  the  direct  separation  of  nitric  228 
acid  from  chloric  acid ;  the  only  practicable  way,  therefore,  is  to 
determine  the  two  acids  jointly  in  a  portion  of  the  compound,  by  the 
method  given  p.  330,  d^  measuring  the  sesquioxide  of  iron  remain- 
u>g  by  Oudeman's  method  (p.  203),  and  bearing  in  mind  that  12 
eq.  of  iron,  converted  from  proto-  into  sesquichloride,  con*espond  to 
1  eq.  of  chloiio  acid.  In  another  portion  estimate  the  chloric  acid, 
by  adding  carbonate  of  soda  in  excess,  evaporating  to  dryness,  fus- 
ing the  residue  until  the  chlorate  is  completely  converted  into  chlo- 
ride, and  then  determining  the  chlorine  in  the  latter ;  1  eq.  chloride 
of  silver  produced  from  this  corresponds  to  1  eq.  chloric  acid,  pro- 
vided there  was  no  chloride  originally  present. 


Jonzn.  de  Phann.  16,  289  ;  Phazm.  CentralbL  1850, 181. 


SECTION  VI 

ORGANIC  ANALYSIS. 
§171. 

Orgakic  com)K>uud8  contain  comparatively  only  few  of  the  elemeDtti    A 
small  number  of  them  consi&t  simply  of  2  elements,  vi::., 

CandH; 
the  greater  number  contain  3  elements,  viz.,  as  a  laile, 

C,  H,  and  O ; 
most  of  the  rest  4  elements,  viz.,  generally, 

C,  H,  O,  and  N  ; 
a  small  number  5  elements,  viz., 

C,  H,  O,  N,  andS; 
and  a  few,  6  elements,  viz., 

C,  H,  O,  N,  S,  and  P, 

This  applies  to  all  the  natural  organic  compounds  which  have  as  yet 
come  under  our  notice.  But  we  may  artificially  prepare  organic  com- 
pounds containing  other  elements  besides  those  enumeittted ;  thus  we 
know  many  organic  substances,  which  contain  chloiine,  iodine,  or  bro- 
mine ;  others  which  contain  arsenic,  antimony,  tin,  zinc,  platinum,  iron, 
cobalt,  (S:c. ;  and  it  is  quite  impossible  to  say  which  of  the  other  elements 
may  not  be  similarly  capable  of  becoming  more  remote  constituents  of 
organic  compounds  (constituents  of  organic  radicals). 

With  these  compounds  we  must  not  confound  those  in  which  organic 
adds  are  combined  with  inorganic  bases,  or  organic  bases  with  inorganic 
acids,  such  as  tartrate  of  lead,  for  instance,  silicic  ether,  borate  of 
morphia,  &c. ;  since  in  such  bodies  any  of  the  elements  may  of  course 
occur. 

Organic  compounds  may  be  analyzed  either  with  a  view  simply  to  re- 
solve them  into  their  proximate  constituents;  thus,  for  instance,  a  gum- 
resin  into  resin,  gum,  and  ethereal  oil; — or  the  analysis  may  have  for  its 
object  the  determination  of  the  ultimate  constituents  (the  elements)  of  the 
substance.  The  simple  resolution  of  organic  compounds  into  their  prox- 
imate constituents  is  effected  by  methods  perfectly  sijptiilar  to  those  used  in 
the  analysis  of  inorganic  compounds  ;  that  is,  the  operator  endeavors  to 
separate  (by  solvents,  application  of  heat,  &c.)  the  individual  constituents 
from  one  another,  either  directly,  or  after  having  converted  them  into 
appropriate  forms.  We  disregard  here  altogether  this  kind  of  organic 
analysis — of  which  the  methods  must  be  nearly  as  numerous  and  varied 
as  the  cases  to  which  they  are  applied — and  proceed  at  once  to  treat 
of  the  second  kind,  which  may  be  called  the  vUimate  analysis  of  organic 
bodies. 

The  ultimate  analysis  of  organic  bodies  {here  termed  simply^  orgofHU 
analysis)  has  for  its  object,  as  stated  above,  the  determination  of  tha 
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elements  contained  in  organic  substances.  It  tea,clies  us  how  to  isolate 
these  elements  or  to  convei-t  them  into  compoimds  of  known  composition, 
to  separate  the  new  compounds  formed  from  one  another,  and  to  calculate 
from  their  sevei-al  weights,  or  volumes,  the  quantities  of  the  elements. 
Organic  analysis,  therefore,  is  based  upon  the  same  principle  upon  which 
rest  most  of  the  methods  of  separating  and  determining  inorganic  com- 
pounds. 

The  conversion  of  most  organic  substances  into  distinctly  characterized 
and  readily  separable  products,  the  weights  of  which  can  be  accurately 
determined,  offera  no  great  difficulties,  and  organic  analysis  is  therefoi*s 
usually  one  of  the  more  easy  tasks  of  analytical  chemistry; — and  as,  from 
the  limited  number  of  the  elements  which  constitute  organic  bodies,  there 
ia  necessarily  a  great  sameness  in  the  products  of  their  decomposition,  the 
analytical  process  is  always  veiy  similar,  and  a  few  methods  suffice  for  all 
cases.  It  is  principally  ascribable  to  this  latter  circumstance  that  organic 
analysis  has  so  speedily  attained  its  present  high  degree  of  perfection  : — 
the  constant  examination  and  improvement  of  a  few  methods  by  a  great 
number  of  chemists  could  not  fail  to  produce  this  result. 

An  organic  analysis  may  have  for  its  object  either  simply  to  ascertain 
the  relative  quantities  of  the  constituent  elements  of  a  substance, — thus, 
for  instance,  woods  may  be  analyzed  to  ascertain  their  heating  power,  fats 
to  ascertain  their  illuminating  power, — or  to  detennine  not  only  the  rela- 
tive quantities  of  the  constituent  elementary  atoms,  but  also  their  abso- 
lute quantities,  that  is,  to  determine  the  number  of  equivalents  of  carbon, 
hydrogen,  oxygen,  Ac.,  which  constitute  1  equivalent  of  the  analyzed  com- 
pound. In  scientific  investigations  we  have  invariably  the  latter  object 
in  view,  although  we  are  not  yet  able  to  achieve  it  in  all  cases.  These 
two  objects  cannot  well  be  attained  by  one  operation ;  each  requires  a 
distinct  process. 

Tlie  methods  by  which  we  ascertain  the  proportions  of  the  constituent 
elements  of  organic  compounds,  may  be  called  collectively,  the  ultimate 
analysis  of  organic  bodies^  in  a  more  restricted  sense ;  whilst  the  methods 
which  reveal  to  us  the  absolute  number  of  elementary  equivalents  con- 
stituting the  complex  equivalent  of  the;  analyzed  compound  may  be  styled 
the  determination  of  the  equivalents  of  organic  bodies. 

The  success  of  an.  organic  analysis  de])ends  both  upon  the  method  and 
its  execution.  The  latter  requires  patience,  circumspection,  and  skill ; 
whoever  Ls  moderately  endowed  with  these  gifts  will  soon  become  a  pro- 
ficient in  this  branch.  The  selection  of  the  method  depends  upon  the 
knowledge  of  the  constituents  of  the  substance,  and  the  method  selected 
may  require  certain  modifications,  according  to  the  properties  and  state 
of  aggregation  of  the  same.  Before  we  can  proceed,  therefoi*e,  to  describe 
the  various  methods  applicable  in  the  different  cases  that  may  occur,  we 
have  first  to  occupy  ourselves  here  with  the  means  of  testing  organic 
bodies  qualitatively. 

L    QCALITATIYB   EXAMINATION   OF   ObOANIO   BoBIES. 

§172. 

It  is  not  necessary  for  the  correct  selection  of  the  proper  method,  to 
know  all  the  elements  of  an  organic  compound,  since,  for  instance,  the 
presence  or  absence  of  oxygen  makes  not  the  slightest  difierence  to  the 
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method.  But  with  regard  to  other  elements,  such  as  nitrogen,  sulphur, 
phosphorus,  chlorine,  iodine,  bromine,  &c.,  and  also  the  various  metab, 
it  is  absolutely  indispensable  that  the  operator  should  know  positively 
whether  either  of  them  is  present.  This  may  be  ascertained  in  the  fol- 
lowing manner: — 

1.  Testing  far  Nitrogen. 

Substances  containing  a  tolerably  large  amount  of  nitrogen  exhale 
upon  combustion,  or  when  intensely  heated,  the  well-known  smell  of 
singed  hair  or  feathers.  No  further  test  is  required  if  this  smell  is  dis- 
tinctly perceptible ;  otherwise  one  of  the  following  experiments  is  resorted 
to: — 

a.  The  substance  is  mixed  with  hydrate  of  potassa  in  powder  or  with 
sodsrlime  (§  66,  4),  and  the  mixture  heated  in  a  test-tube.  If  the  sub- 
stance contains  nitrogen,  ammonia  will  be  evolved,  which  may  be  readily 
detected  by  its  odor  and  reaction,  and  by  the  formation  of  white  fumes 
with  volatile  acids.  Should  these  reactions  fiadl  to  afford  positive  certainty, 
every  doubt  may  be  removed  by  the  following  experiment : — Heat  a  some- 
what larger  portion  of  the  substance,  in  a  short  tube,  with  an  excess  of  soda- 
lime,  and  conduct  the  products  of  the  combustion  into  dilute  hydrochloric 
acid ;  evaporate  the  acid  on  the  water-bath,  dissolve  the  residue  in  a  little 
water,  and  mix  the  solution  with  bichloride  of  platinum  and  alcohoL 
Should  no  precipitate  form,  even  after  the  lapse  of  some  time,  the  substance 
may  be  considered  free  from  nitrogen. 

h,  Lassai(;ne  has  proposed  another  method,  which  is  based  upon  the 
property  of  potassium  to  form  cyanide  of  potassium  when  ignit-ed  with  a 
nitrogenous  organic  substance.  The  following  is  the  best  mode  of  pex^ 
forming  the  experiment : — 

Heat  the  substance  under  examination,  in  a  test-tube,  with  a  small 
lump  of  potassium,  and  after  the  complete  combustion  of  the  potassium, 
treat  the  residue  with  a  little  w^ater  (cautiously) ;  filter  the  solution,  add  2 
drops  of  solution  of  sulphate  of  protoxide  of  iron  containing  some  sesqui- 
oxide,  digest  the  mixture  a  short  time,  and  add  hydrochloric  acid  in  excess. 
The  formation  of  a  blue  or  bluish-green  pi'ecipitate  or  coloration  proves 
the  pi-escnce  of  nitrogen. 

Both  methods  are  delicate :  a  is  the  more  commonly  employed,  and 
suffices  in  almost  all  cases ;  h  does  not  answer  so  well  in  the  case  of  alkaloids 
ccmtaining  oxygen  {e.g.  morphia,  bnicia). 

c.  In  organic  substances  containing  oxides  of  nitrogen,  the  presence  of 
nitrogen  cannot  be  detected  with  certainty  by  either  a  or  6,  but  it  may  be 
i-eadily  discovered  by  heating  the  substance  in  a  tube,  when  red  acid 
fumes,  impai-ting  a  blue  tint  to  iodide  of  starch  paper,  will  be  evolved, 
accompanied  often  by  defiagi-ation. 

2.  Testing  for  SiUphur, 

a.  Solid  substances  are  fused  with  about  12  parts  of  pui'e  hydrate  of 
potassa,  and  six  parts  of  nitrate  of  potassa.  Or  they  are  intimately  mixed 
with  some  pure  nitrate  of  potassa  and  carbonate  of  soda ;  nitrate  of  potassa 
is  then  heated  to  fusion  in  a  porcelain  crucible,  and  the  mixture  gradually 
added  to  the  fusing  mass.  Tlie  mass  is  allowed  to  cool,  then  dissolved  in 
water,  and  the  sohition  tested  with  baryta,  after  acidifying  with  liydro- 
chloric  acid. 
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6.  Fluids  are  treated  with  fuming  nitric  acid,  or  with  a  mixture  of  nitric 
acid  and  chlorate  of  potassa,  at  first  in  the  cold,  finally  with  application 
of  heat ;  the  solution  is  tested  as  in  a. 

c.  As  the  methods  a  and  b  serve  simply  to  indicate  the  presence  of  sul- 
phur in  a  general  way,  but  afford  no  information  regarding  the  state  or 
form  in  which  that  element  may  be  present,  I  add  here  another  method, 
which  serves  to  detect  only  the  sulphur  in  the  non-oxidized  state  in  organic 
compounds. 

Boil  the  substance  with  strong  solution  of  potassa  and  evaporate  nearly 
to  dryness.  Dissolve  the  residue  in  a  little  water,  and  test  by  means  of 
a  polished  surface  of  silver,  or  by  nitroprusside  of  sodium,  or  by  just  acidi- 
fying the  dilute  solution  with  hydrochloric  acid,  and  adding  a  few  drops 
of  a  mixture  of  sesquichloride  of  iron  and  ferricyanide  of  potassium  (see 
"QnalAnal."§156). 

3.  Testing  for  Phosphorus, 

The  methods  described  in  2,  a  and  ft,  may  likewise  serve  for  phos- 
phorus. The  solutions  obtained  are  tested  for  phosphoric  acid  with 
sulphate  of  magnesia ;  or  with  sesquichloride  of  iron,  with  addition  of 
acetate  of  soda ;  or  with  molybdate  of  ammonia  (comp.  "  Qual.  Anal."). 
Tn  method  ft,  the  greater  part  of  the  excess  of  nitric  acid  must  first  be 
removed  by  evaporation. 

4.  Testing  for  Inorganic  Sahstances, 

A  portion  of  the  substance  is  heated  on  platinum  foil,  to  see  whether  or 
not  a  residue  remains.  When  acting  upon  difficultly  combustible  sub- 
stances, the  process  may  be  accelerated  by  heating  the  spot  which  the  sub- 
stance occupies  on  the  platinum  foil  to  the  most  intense  redness,  by 
directing  the  fiame  of  the  blow-pipe  upon  it  from  below.  The  residue  is 
then  examined  by  the  usual  methods.  That  volatile  metak  in  volatile 
organic  compounds — e.g.,  arsenic  in  kakodyl — cannot  be  detected  by  this 
method,  need  hardly  be  mentioned. 

These  preliminary  expeiiments  should  never  be  omitted,  since  neglect  in 
this  respect  may  give  rise  to  very  great  errors.  Thus,  for  instance,  taurin, 
a  substance  in  which  a  large  proportion  of  sulphur  was  afterwards  found 
to  exist,  had  originally  the  formula  C^  N  H7  0,o  assigned  to  it.  The  pre- 
liminary examination  of  organic  substances  for  chlorine,  bromine,  and 
iodine  is  generally  unnecessary,  as  these  elements  do  not  occur  in  native 
organic  compounds  ;  and  as  their  presence  in  compounds  artificially  pro- 
duced by  the  action  of  the  halogens  requires  generally  no  further  proof. 
Should  it,  however,  be  desirable  to  ascertain  positively  whether  a  sub- 
stance does  or  does  not  contain  chlorine,  iodine,  or  bromine,  this  may  be 
done  by  the  methods  given  §  188. 

II.  Detbrmination  of  the  Elements  in  Organic  Bodies.* 

§173. 

A.  Analysis  op  Compounds  which  consist  simply  op  Carbon  and 
Hydrogen,  or  op  Carbon,  Hydrogen,  and  Oxygen. 

The  principle  of  the  method  which  serves  to  effect  the  quantitative 
Uialysis  of  such  compounds  is  exceedingly  simple.      The  substance  ia 


[*  For  Prof.  Warren^s  admirable  methods  we  must  refer  to  his  origfinal  papers  in 
Km,  Joam.  Sd,  2dser.,  voL  38,  p.  387,  vol.  41,  p.  40,  and  vol  42,  p.  156.] 
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burned  to  cai4)onic  acid  and  water ;  these  pi^oducts  are  sejmrated  firom 
each  other  and  weighed,  and  the  carbon  of  the  substance  is  calculated 
from  the  weight  of  the  carbonic  acid,  the  hydrogen  from  that  of  the  water. 
If  the  sum  of  the  carbon  and  hydrogen  is  equal  to  the  original  weight 
of  the  substance,  the  substance  contuns  no  oxygen ;  if  it  is  lees  than  the 
weight  of  the  substance,  the  difference  expresses  the  amount  of  oxygen 
present. 

The  combustion  is  efiected  either  by  igniting  the  organic  substance 
with  oxygenized  bodies  which  readily  part  with  their  oxygen  (oxide  of 
copper,  chromate  of  lead,  dec.)  ;  or  at  the  expense  both  of  firee  and  com- 
bined oxygen. 

a.  Solid  Bodies. 

Comlmation  vnth  Oxide  of  Copper. 

§  174. 
I.  Apparatus  and  Preparations  required  for  the  Analysis. 

1.  The  Substance. — This  must  be  most  finely  pulverized  and  perfectly 
pure  and  dry ; — for  the  method  of  di*ying,  I  refer  to  §  26. 

2.  A  Tube  in  which  to  weigh  the  Substance,  made  of  thin  ^asa 
about  20  cm.  long,  and  of  7  mm.  internal  diameter ;  one  end  of  the  tube 
is  closed  by  fusion ;  the  other,  during  the  operation  of  weighing,  is  stop- 
ped with  a  smooth  cork. 

3.  The  Combustion  Tube. — ^A  tube  of  diflScultly  fusible  glass  (potassa 
glass),  about  2  mm.  thick  in  the  glass,  80  to  90  cm.  in  length,  and  from 
12  to  14  mm.  inner  diameter,  is  softened  in  the  middle  before  a  glass- 
blower's  lamp,  drawn  out  as  represented  in  fig.  69,  and  finally  apai-t  at 
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Pig.  69. 

h.  The  fine  points  of  the  two  pieces  are  then  sealed  and  thickened  a  lit- 
tle in  the  fiame,  and  the  sharp  edges  of  the  open  ends,  a  and  c,  are 
slightly  rounded  by  fusion,  care  being  taken  to  leave  the  aperture  per- 
fectly round.  The  posterior  part  of  the  tube  should  be  shaped  as  shown 
in  fig.  70,  and  not  as  in  fig.  71. 


Fig.  70.  Fig.  71. 

Two  perfect  combustion  tubes  are  thus  produced.  The  one  intended 
for  immediate  use  is  cleaned  with  linen  or  paper  attached  to  a  piece  of 
wire,  and  then  thoroughly  dried.  This  is  efiected  either  by  laying  iJie  tube, 
with  a  piece  o£  }>aper  twisted  over  its  mouth,  for  some  time  on  a  sand- 
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bath,  with  occaitioual  remo\  at  of  the  air  from  it  hy  suction,  vith  the  tdd 
of  &  ghtHB  tube,  or  (rapidly)  by  moving  the  tube  to  and  fro  over  the 
flame  of  a  gna  or  spirit  lamp,  heating  its  entire  length,  and  continually 
remoTUig  the  hot  air  by  suotiou  through  the  small  glass  tube  (fig.  72). 


Pig.  78. 

The  combustion  tube,  when  qmte  dry,  is  closed  air-tight  with  a  cork, 
and  kept  in  a  warm  place  until  required  for  use. 

la  default  of  glaoe  tubes  possesaed  of  the  proper  degree  of  infusibility, 
thin  brass  or  copper  foil,  or  hraas  gauze,  is  rolled  round  the  tube,  and 
iron  wire  coiled  round  tt, 

4,  Thb  Potash-bulbs  (fig.  73),^ThiB  apparatus,  devised  by  Liebiq, 
is  filled  to  the  extent  indicated  in   the   en- 
graving, with  a  clear  solution  of  caustic  po- 

Uaaa  of  1-27  sp.  gr.  (§  66,  6).  The  introduc- 
tion of  the  solution  of  potasea  into  the  appara- 
tus is  eflected  by  plunging  the  end  a  into  a 
beaker  or  dish  into  which  a  little  of  the  solu- 
tion has  been  poured  out,  nnd  applying  suction 
to  b,  by  means  of  a  caoutchouc  tube.  The  two 
ends  are  then  wiped  perfectly  dry  with  twisted 
slips  of  ]iH[>er,  and  the  outside  of  the  appara- 
tus with  a  clean  cloth. 

5.  ThkChlohide-of-Calchtm-tube  (fig.74) 

is  filled  in  the  following  manner : — In  the  first  .^     ,. 

place,  the  neck  between  the  two  bulbs  of  the  ^*' 

tube  is  loosely  stopped  with  a  small  cotton  plug;  this  is  eflected  by  in- 
troducing a  loose  cotton  plug  into  the  wide  tube,  and  applying  a  sudden 
and  energetic  suction  at  the  other  end.  The  large  bulb  is  then  filb-ii 
with  lumps  of  chloride  of  calcium  (g  66,  7,  b),  and  the  tube  with  smallr'r 
fragments,  intermixed  with  coarse  powder  of  the  same  substance  ;  a  lootie 
cotton  plug  is  then  inserted,  and  the  tube  finally  closed  with  a  perfo- 
rated cork,  into  which  a  small  glass  tube  is  fitted  ;  the  proti'uiUng  part 
of  the  cork  is  cut  ofi",  and  the  cut  surface  covered  over  with  sealing-wax  ■ 
the  edge  of  the  little  tube  is  slightly  rounded  by  fusion. 

In  uidng  this  tube  a  considei-able  quantity  of  the  water  condenses  iii 


the  empty  bulb  a,  and  at  the  close  of  the  experiment  may  be  poured  out 
The  operator  is  thus  enabled  to  test  it  as  to  reaction,  &c.,  and  also  to  us( 
the  same  tube  far  oflener  without  &esh  filling  than  he  could  other 
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6.  A  Small  Tube  op  vulcanized  India-rubber. — This  must  be  so 
narrow  that  it  can  only  be  pushed  with  difficulty  over  the  tube  of  the 
chloride  of  calcium  tube  on  the  one  hand,  and  over  the  end  of  the 
potash  bulbs  on  the  other  hand ;  in  which  case  there  is  no  need  of  bind- 
ing with  silk  cord.  If  the  rubber  tube  should  be  a  little  too  wide,  it 
must  be  tied  round  with  silk  cord,  or  with  ignited  piano  wire.  It  ia 
self-evident  that  the  narrow  end  of  the  chloride  of  calcium  tube  should 
be  of  the  same  width  as  the  tube  a  of  the  potash  bulbs.  The  india-ru1>- 
ber  tube  is  purified  from  any  adherent  sulphur,  and  dried  in  the  water- 
bath  previous  to  use. 

7.  Corks. — These  should  be  soft  and  smooth,  and  as  free  as  possible 
fi'om  visible  pores.  A  cork  should  be  selected  which,  after  careful 
squeezing,  fits  perfectly  tight,  and  screws  with  some  difficulty  to  one- 
third  of  its  length,  at  the  most,  into  the  mouth  of  the  combustion-tube ; 
a  perfectly  smooth  and  round  hole,  into  which  the  end  a  of  the  chloride 
of  calcium  tube  must  iit  perfectly  air-tight,  is  then  carefully  bored 
through  the  axis  of  the  cork.  The  cork  is  then  kept  for  kn.  hour  or  two 
in  the  water  bath.  It  is  advisable  always  to  have  two  corks  of  this 
description  ready.  Instead  of  ordinary  corks,  caoutchouc  stoppers  may 
be  used  with  great  advantage. 

8.  Oxide  of  Copper. — A  Hessian  crucible,  of  about  100  c  c.  capacity, 

a  is  nearly  filled  with  oxide  of  copper  prepared  as  directed  in 
§  66,  1 ;  the  crucible  is  covered  with  a  well-fitting  overlap- 
ping lid,  and  heated  to  dull  redness  with  charcoal,  or  in  a 
suitable  gas-furnace ;  it  is  then  allowed  to  cool,  so  that  by 
the  time  the  oxide  of  copper  is  required  for  use,  the  hand  can 
only  just  bear  contact  with  it. 

9.  A  WIDE  GLASS  Tube  sealed  at  one  end,  or  a  Flask 
(fig.  75),  in  which  the  freshly  ignited  oxide  of  copper  is  al- 
lowed to  cool,  and  from  which  it  is  transferred  to  the  combus- 
tion tube,  secure  from  the  possible  absorption  of  moisture 
from  the  air. 

The  freshly  ignited  and  still  quite  hot  oxide  of  copper  is 
transferred  direct  from  the  crucible  to  this  iilling  tube,  or 
flask,  which  is  then  closed  air-tight  with  a  cork.  It  saves  time  to  fill  in 
at  once  a  sufficient  quantity  of  oxide  to  last  for  several  analyses.  If  the 
cork  fits  tight,  the  contents  will  remain  several  days  fit  for  use,  even 
though  a  portion  has  been  taken  out,  and  the  tube  repeatedly  opened. 
10.  A  MixiNO  Wire  of  copper  (fig.  76)  with  ring  at  one  end  for  a 


Fig.  75, 


O 


Fig.  70. 

handle,  and  a  single  corkscrew  turn  at  the  other,  which  should  taper 
vmoothly  to  a  point. 

11.  A  Combustion-furnace. — 
Some  time  ago  the  only  one  used  wa» 
LiEBiG^s,  in  which  charcoal  is  the  fuel 
Recently  gajs  combustion  furnaces 
have  been  introduced  into  most  la- 
boratories, because  they  stxe  more 
Fig.  77  cleanly  and  convenient. 
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a.  LiEBio^s  combustion  furnace  is  of  sheet  iron.  It  has  the  foi'm  of  a 
long  box,  open  at  the  top  and  behind.  It  serves  to  heat  the  combus- 
tion tube  with  red-hot  chai*coal.  Fig.  77  represents  the  fiimace  as  seen 
from  the  top. 

It  is  from  50  to  60  cm.  long,  and  from  7  to  8  deep ;  the  bottom,  which, 
by  cutting  smaU  sUts  in  the  sheet  iron,  is  converted  into  a  grating,  has 
a  width  of  about  7  cm.  The  side  walls  are  inclined  slightly  outward,  so 
that  at  the  top  they  stand  about  12  cm.  apart.  A  series  of  upright 
pieces  of  strong  sheet  iron,  having  the  form  shown  in  2>,  &g.  78,  and 
riveted  on  the  bottom  of  the  furnace  at  intervals  of  about  5  cm., 
serves  to  support  the  combustion  tube.  They  must  be  of  exactly  cor- 
responding height  with  the  round  aperture  in  liie  front  piece  of  the  fur- 
nace {^g.  78,  A). 


% 


Fig.  78.  Fig.  79. 

This  aperture  must  be  sufficiently  large  to  admit  the  combustion  tuut^ 
easily.  Of  the  two  screens,  the  one  has  the  form  shown  in  fig.  79,  the 
other  that  shown  in  fig.  78,  ^,  with  the  border  turned  down  at  the  up- 
per edge.  The  openings  cut  into  the  screens  must  be  sufficiently  large 
to  receive  the  combustion  tube  without  difficulty.  The  furnace  is  placed 
upon  two  bricks  resting  upon  a  flat  surface,  and  is  slightly  raised  at  the 
&rther  end,  by  inserting  a  piece  of  wood  between  the  supports  (see 
fig.  82).  The  apertures  of  the  giating  at  the  anterior  end  of  the  furnace 
must  not  be  blocked  up  by  the  supporting  bricks.  In  cases  where  the 
combustion  tubes  are  of  a  good  quality,  the  furnace  may  be  raised  by  in- 
troducing a  little  iron  rod  between  the  furnace  and  the  supporting 
brick.  Placing  the  tube  in  a  gutter  of  Eussia  sheet  iron  tends  greatly  to 
preserve  it,  but  contact  of  the  glass  and  iron  must  be  prevented  by  an 
intervening  layer  of  asbestos. 

6.  Gkw  combustion  furnaces  of  the  most  various  descriptions  have  been 
proposed.     See  §  178. 

§  175. 
II.  Performance  op  the  Analytical  Process. 

a.  Weigh  first  the  potash  apparatus,  then  the  chloride  of  calcium  tube. 
Introduce  about  0*35 — 0*6  grm.  of  the  substance  under  examination 
(more  or  less,  according  as  it  is  rich  or  poor  in  oxygen)  into  the 
weighing  tube,*  which  must  be  no  longer  warm,  and  weigh  the  latter 
accurately  with  its  contents.  The  weight  of  the  empty  tube  being  ap- 
proximately known,  it  is  easy  to  take  the  right  quantity  of  substance  re- 
quired for  the  analysis.     Close  the  tube  then  with  a  smooth  cork. 

b.  The  filling  of  the  combustion  tube  is  effected  as  follows  : — The  per- 
fectly dry  tube  is  rinsed  with  some  oxide  of  copper ;  a  layer  of  oxide  of 
copper,  about  13  cm.  long,  is  introduced  into  the  posterior  end  of  the 
combustion  tube,  by  inserting  the  latter  into  the  filling  tube  or  flask 

*■  Care  must  be  taken  that  no  particles  of  the  substance  adhere  to  the  sides  oi 
:he  tube,  at  least  not  at  the  top. 
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contaming  the  oxide  of  copper  (fig.  80),  holding  both  tubes  iu  an  ob- 
lique direction,  and  giviug  a  few  gentle  taps. 


Fig.  80. 

From  the  tube  containing  the  substance  remove  the  cork  cautionslj, 
to  prevent  the  slightest  loss  of  substance ;  insert  the  open  end  of  the  tube 
as  deep  as  possible  into  the  combustion  tube,  and  pour  from  it  the  requi- 
site quantity  of  substance  by  giving  it  a  few  turns,  pressing  the  rim  all 
the  while  gently  against  the  upper  side  of  the  combustion  tube,  to  pre- 
vent its  coming  into  contact  with  the  powder  already  poured  out ;  the 
two  tubes  are,  in  this  manipulation,  held  slightly  inclined  (see  fig.  81). 


Fig.  81. 

When  a  sufficient  quantity  of  the  substance  has  been  thus  transferred 
from  the  weighing  to  the  combustion  tube,  the  latter  is  restored  to  the 
horizontal  position,  which  gives  to  the  former  a  gentle  inclination  with 
the  closed  end  downwards.  If  the  little  tube  is  now  slowly  withdrawn, 
with  a  few  turns,  the  powder  near  the  boi-der  cf  the  oj)ening  falls  back 
into  it,  leaving  the  opening  free  for  the  cork.  The  tube  w  then  imme- 
diately corked  and  weighed,  the  combustion  tube  also  being  meanwhile 
kej  t  closed  with  a  cork.  Tlie  difference  between  the  two  weighings 
shows  the  quantity  of  substance  transferred  from  the  weighing  to  the 
combustion  tube.  The  latter  is  then  again  opened,  and  a  quantity  of 
oxide  of  copper,  equal  to  the  first,  transfeired  to  it  from  the  filling  tube, 
or  flask,  taking  care  to  rinse  down  with  this  the  particles  of  the  sub- 
stance still  adhering  to  the  sides  of  the  tube.  There  is  now  in  the  hind 
part  of  the  tube  a  layer  of  oxide  of  copper,  about  25  cm.  long,  with  the 
substance  in  the  middle. 

The  next  oi>eration  is  the  mixing :  this  is  performed  with  the  aid  of 
the  wirp  (fig.  7G),  which  is  pushed  down  to  within  3  to  4  cm.  of  the  end, 
and  rapidly  moved  about  in  all  directions  until  the  mixture  is  complete 
and  uniform^  the  tube  being  held  nearly  horizdntal. 

Oxide  of  copper  is  tlien  poured  u\  to  within  5  to  6  cm.  of  the  open 
end,  and  the  tube  is  corked. 

c  A  few  gentle  taps  on  the  table  will  genei-ally  suffice  to  shake  to- 
gether the  contents  of  the  tube,  so  as  to  completely  clear  the  taO  from 
oxide  of  copjier,  and  leave  a  free  passage  for  the  evolved  gases  from  end 
to  end.  Should  this  fail,  as  will  occasionally  happen,  owing  to  mal- 
formation of  the  tail,  the  object  in  view  may  be  attained  by  striking  the 
mouth  of  the  tube  sevei*al  times  against  the  side  of  a  table. 

d.  Connect  the  end  b  (fig.  82)  of  the  weighed  chloride  of  calcium 
tube  with  the  combustion  tube  by  means  of  a  dried  perforated  cork,  lay 
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tlie  furnace  upoo  its  supports,  with  a.  Blight  iacliDatioii  fomtird,  and 
place  the  coiahustion  tube  in  it ;  connect  the  end  B  of  the  chluride  of 
cdilcium  tube,  by  means  of  a  vulcanized  india-rubber  tube,  with  the  end 
m  of  the  potash  apparatus,  and,  if  necessary,  secure  the  connection  with 
silk  cord,  taking  cai'e  to  press  the  joint  of  the  two  thumbs  close  togetlier 
whilst  tightening  the  coi'ds,  since  otherwise,  should  one  of  the  cords  hap- 
pen to  give  way,  the  whole  apparatus  might  be  broken.  Rest  Ibe  pottuih 
appomtus  upon  a  folded  piece  of  doth.  Fig.  82  aliowB  the  whole  nr- 
mngeraeDt. 


Fig.  82. 

e.  To  ascertain  whether  the  joinings  of  the  apparatus  fit  air-ti^t,  put 
ft  piece  of  wood  about  the  thickness  of  a  finger  («),  or  a  cork  or  other 
body  of  the  kind,  under  the  bulb  r  of  the  potash  apparatus,  so'aii  to 
raise  that  bulb  slightly  (see  fig.  62).  Heat  the  bulb  »i,  by  holding  a 
piece  of  red-hot  charcoal  near  it,  until  a  certain  amount  of  air  is  driven 
out  of  the  appai'atus ;  then  remove  the  piece  of  wood  («),  and  allow  the 
bulb  m  to  cool.  Tlie  solution  of  potassa  will  now  rise  into  the  bulb  nt, 
filling  it  more  or  less ;  if  the  liquid  in  m  preserves,  for  the  space  of  a 
few  minutes,  the  same  level  which  it  has  assumed  after  the  perfect  cool- 
ing of  the  biilb,  the  joinings  maybe  considered  perfect;  should  the  fluid, 
on  the  other  hand,  gradually  regain  its  original  level  in  both  limbs  of 
the  apparatus,  this  is  a  positive  proof  that  the  joinings  are  not  air-tight, 
{The  few  minutes  which  elajise  between  the  two  ohsei-vations  may  ba  ■ 
advantageously  employed  in  reweigliing  the  little  tube  in  which  the  sub- 
stance intended  for  analysis  was  originally  weighed.) 

y.  Let  the  mouth  of  the  combustion  tube  project  a  full  inch  beyond 
the  furnace ;  suspend  the  single  screen  over  the  anterior  end  of  the  fur- 
nace, as  a  protection  to  the  cork  ;  put  the  double  screen  over  the  com- 
buEtion  tube  about  two  inches  farther  on  (see  fig.  82),  replace  the  little 
piece  of  wood  (e)  under  r,  and  put  small  [ueces  of  red-hot  charcoal  first 
under  that  portion  of  the  tube  which  Is  separated  by  the  screen ;  sur- 
round this  portion  gradually  altogether  with  ignited  charcoal,  and  let  it 
get  red-hot;  then  shift  the  screen  an  inch  farther  back,  surround  the 
newly  exposed  portion  of  the  tube  also  with  ignited  charcoal,  and  let  it 
get  red-hot ;  and  proceed  in  this  manner  slowly  and  gradually  extend- 
ing the  application  of  heat  to  the  tail  of  the  tube,  taking  care  to  wait 
always  until  the  last  exposed  poriiork  is  rod-hot  bcfoi'e  shifting  the 
screen,  and  also  to  maintain  the  whole  of  the  exposed  portion  of  the 
tube  before  the  screen  in  a  state  of  ignition,  and  the  projecting  part  of 
it  ao  hot  that  the  fingers  can  hardly  bear  the  shortest  contact  with  it. 
nie  whole  process  i*equires  generally  from  J-  to  1  hour.  It  is  quite  su- 
perflnoos,  and  even  injudicious,  to  fan  the  charcoal  constantly ; — this 
should  be  done  however  when  the  process  is  di-awing  to  an  end,  as  wa 
■hall  immediately  have  occasion  to  notice. 
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The  liquid  in  the  potash  bulbs  is  graclully  displaced  from  the  bulb  m 
upon  the  application  of  heat  to  the  anterior  portion  of  the  combustioo 
tube,  owing  simply  to  the  expansion  of  the  heated  air.  The  evolntioi: 
of  gas  proceeds  with  greater  briskness  when  the  heat  begins  to  reacb 
the  actual  mixture ;  the  first  bubbles  are  only  partly  absorbed,  as  the 
carbonic  acid  contains  still  an  admixture  of  air ;  but  those  which  follow 
are  so  completely  absorbed  by  the  potassa,  that  a  solitary  air-bubble  only 
escapee  from  time  to  time  through  the  liquid.     The  process  should  be 

conducted  in  a  manner  to  make  the  gas-bub- 
bles follow  each  other  at  intei-vals  of  from  ^ 
to  1  second.  Fig.  83  shows  the  proper  posi- 
tion of  the  potash  bulbs  during  the  opera- 
tion. 

It  will  be  seen  fi*om  this  that  an  air-bubble 
entering  through  m  passes  fi]*st  into  the  bulb 
6,  thence  to  c,  from  c  to  </,  and  passing  over 
the  solution  in  the  latter,  escapes  finally  into 
the  bulb^/^,  through  the  fluid  which  justcovew 
the  mouth  of  the  tube  e, 

g.  When  the  tube  is  in  its  whole  length 
surrounded  with  red-hot   charcoal,  and  the 
Fig.  83.  evolution  of  gas  has  relaxed,  fan  the  burning 

charcoal  gently  with  a  piece  of  pasteboard.  When  the  evolution  of  gas 
has  entirely  ceased,  adjust  the  position  of  the  potash  bulbs  to  a  level, 
remove  the  charcoal  from  the  fai*ther  end  of  the  tube,  and  place  the 
screen  before  the  tail.  The  ensuing  cooling  of  the  tube  on  the  one  hand, 
and  the  absorption  of  the  carbonic  acid  in  the  potash  bulbs  on  the  other, 
cause  the  solution  of  potassa  in  the  latter  to  recede,  slowly  at  first,  but 
with  increased  rapidity  from  the  moment  the  liquid  reaches  the  bulb  m. 
(If  you  have  taken  care  to  adjust  the  position  of  the  potash  bulbs  cor- 
rectly, you  need  not  fear  that  the  contents  of  the  latter  will  recede  to 
the  chloride  of  calcium  tube.)  When  the  bulb  m  is  about  half  filled 
with  solution  of  potassa,  break  off  the  point  of  the  combustion  tube  with 
a  pair  of  pliers  or  scissors,  whereupon  the  fluid  in  the  potajsh  bulbs  will 
immediately  resume  its  level.  Kestore  the  potash  bulbs  now  again  to 
their  original  oblique  position,  join  a  caoutchouc  tube  to  the  potash 
bulbs,  and  slowly  apply  suction  until  the  last  bubbles  no  longer  diminish 
in  size  in  passing  through  the  latter.  It  is  better  to  employ  a  sm^U 
aspirator  instead  of  sucking  with  the  mouth.  You  then  know  the 
volume  of  air  that  has  passed  through  the  apparatus. 

This  terminates  the  analytical  process.  Disconnect  the  potash  bulbs 
and  remove  the  chloride  of  calcium  tube,  together  with  the  cork,  which 
must  not  be  charred,  from  the  combustion  tube  ;  remove  the  cork  also 
from  the  chloride  of  calcium  tube,  and  place  the  latter  upright,  with 
the  bulb  upwards.  After  the  lapse  of  half  an  hour,  weigh  the  potash  bulbs 
and  the  chloride  of  calcium  tube,  and  then  calculate  the  results  obtained. 
They  are  generally  very  satisfactory.  As  regards  the  carbon,  they  ai*e 
rather  somewhat  too  low  (about  O'l  per  cent.)  than  too  high.  The  car- 
bon determination,  indeed,  is  not  free  from  sources  of  eiTor;  but  noiio 
of  these  interfere  materially  with  the  accuracy  of  the  results,  and  the 
deficiency  arising  from  the  one  is  partially  balanced  by  the  excess  aris- 
ing from  the  other.  In  the  first  place,  the  air  which  passes  through 
the  solution  of  potassa  during  the  combustion,  and  finally  during  the 
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process  of  suction,  carries  away  with  it  a  minute  amount  of  moistui'e. 
The  loss  arising  from  this  cause  is  increased  if  the  evolution  of  gas  pro- 
ceeds very  briskly,  since  this  tends  to  heat  the  solution  of  potassa ;  and 
also  if  nitrogen  or  oxygen  passes  through  the  potash  bulbs  (compare 
§  176  and  §  178).  This  may  be  remedied,  however,  by  fixing  to  the 
exit  end  of  the  latter  a  tube  with  solid  hydrate  of  potassa  or  soda-lime, 
the  bulbs  and  this  tube  being  always  weighed  together.  In  the  second 
place,  traces  of  carbonic  acid  from  the  atmosphere  are  carried  into  the 
pot-ash  apparatus  in  the  final  process  of  suction ;  this  may  be  remedied 
by  connecting  the  tail  of  the  combustion  tube,  during  the  operation,  with 
a  tube  containing  hydrate  of  potassa  by  means  of  a  perforated  cork  or 
flexible  tube.  In  the  third  place,  it  happens  fi*equently,  in  the  analysis 
of  substances  containing  a  considerable  proportion  of  water  or  of  hy- 
drogen, that  the  carbonic  acid  is  not  absolutely  dried  in  passing  through 
the  chloride  of  calcium  tube;  this  may  be  remedied  by  fixing  behind  the 
chloride  of  calcium  tube,  a  tube  filled  with  asbestos  moistened  with  sul- 
phuric acid. 

Finally,  if  the  mixture  was  not  sufficiently  intimate,  traces  of  carbon 
remain  unconsumed.  It  is  thei-efore  better  to  complete  the  combustion 
in  oxygen  gas.     See  below. 

As  regards  the  hydrogen,  the  results  are  veiy  accurate,  if  the  filling 
is  skilfully  performed  with  dry  oxide  of  copper. 

§176. 

[  Completion  of  iJie  Conihustion  by  Oxygen  Gcu,  To  insure  the  oxi- 
dation of  the  last  traces  of  carbon  and  to  leave  the  oxide  of  copper  ready 
for  use  again,  it  is  advisable  to  finish  the  combustion  in  a  stream  of 
oxygen.  For  this  purpose  the  tail  of  the  combustion  tube  must  be  made 
rather  stout  and  long.  When  the  potash-lye  recedes,  slip  tightly  over 
the  suitably  cooled  tail  a  caoutchouc  tube  connected  with  a  source  of 
pure  and  dry  oxygen  gas,  nip  ofi:*  the  tip  within  this  tube  by  help  of  a 
pliers,  and  cautiously  let  on  the  oxygen  until  the  reduced  copper  is  oxi- 
dized and  the  gas  traverses  the  potash-bulbs.  Then  replace  the  stream 
of  oxygen  by  one  of  pure  and  diy  air,  to  remove  all  oxygen  from  the 
bulbs.  To  prevent  loss  by  evaporation  from  the  potash-lye,  append  to 
the  potash-bulb  a  small  tube  of  fragments  of  caustic  potash,  or  employ 
Mulder^s  absoi-ption  apparatus,  fig.  90,  §  182. 

The  oxygen  may  be  supplied  from  a  gasometer,  as  shown  fig.  84,  §  178, 
or  from  a  small  tube-retort  of  fused  chlorate  of  potassa.  This  method 
and  that  of  §  175  are  not  applicable  to  organic  salts  of  the  alkalies  or 
alkali-earths,  since  these  bases  retain  a  portion  of  carbonic  acid.] 

COKBUSTION  WITH  ClIROMATE  OF  LeAD,  OR  WITH  ChROMATE  OF  LeAD 

AND  Bichromate  of  Potassa. 
§177. 

This  method  is  especially  resorted  to  in  the  analysis  of  salts  of  or- 
ganic acids  with  alkalies  or  alkaline  earths  (as  the  chromic  acid  com- 
pletely displaces  carbonic  acid  from  their  bases),  and  of  bodies  contain- 
ing sulphur,  chloiine,  bromine,  or  iodine. 

Of  the  apparatus,  d^;.,  enumerated  in  §  174,  all  are  required  except 
oxide  of  copper,  which  is  here  replaced  by  chromate  of  lead  (§  66,  2).     A 
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naiTow  combustion  tube  may  be  'selected,  as  cbi'omate  of  lead  coDtaim 
a  much  larger  amount  of  available  oxygen  in  an  equal  volume  thau 
oxide  of  coi>per.  A  quantity  of  the  chromate.  more  than  sufficient  to 
fill  the  combustion  tube,  is  heated  in  a  platinun:  or  porcelain  dish  over  a 
gas  or  Berzelius  lamp,  until  it  begins  to  tun.  brown ;  before  filling  it 
into  the  tube,  it  is  allowed  to  cool  down  to  100**;  and  even  below. 
The  process  is  conducted  as  the  one  described  in  §  1 74. 

One  of  the  principal  advantages  which  chromate  of  lead  has  over 
oxide  of  copper  as  an  oxidizing  agent  being  its  property  of  fusing  at  a 
high  heat,  the  temperatui*e  must,  in  the  last  stage  of  the  process  of  com- 
bustion, be  raised  (by  fanning  the  charcoal,  &c,)  sufficiently  high  to  fuse 
the  contents  of  the  tube  completely,  as  far  as  the  substance  extends. 
To  heat  the  anterior  end  of  the  tube  to  the  same  degree  of  intensity 
would  1>e  injudicious,  since  the  chromate  of  lead  in  that  part  would 
thereby  lose  all  porosity,  and  thus  also  the  power  of  eifecting  the  com- 
bustion of  the  products  of  decomposition  which  may  have  escaped  oxida- 
tion in  the  other  parts  of  the  tube. 

As  the  chromate  of  lead,  even  in  powder,  is,  on  account  of  its  density, 
by  no  means  all  that  could  be  desired  in  this  latter  respect,  it  is  pre* 
ferable  to  fill  the  anterior  part  of  the  tube,  instead  of  with  chromate  of 
lead,  with  coarsely  pulverized  strongly  ignited  oxide  of  copper,  or  with 
copper  turnings  which  have  been  superficially  oxidized  by  ignition  in  a 
muffle  or  in  a  crucible  with  access  of  air. 

In  the  case  of  very  difficultly  combustible  substances — e,ff.,  graphite 
— it  is  desirable  that  the  mass  should  not  only  readily  cake,  but  also,  in 
the  last  stage  of  the  process,  give  out  a  little  more  oxygen  than  is  given 
out  by  chromate  of  lead.  It  is  therefore  advisable  in  such  cases  to  add  to 
the  latter  one-eighth  of  its  weight  of  fused  and  powdered  bichromate  of 
potassa.  With  the  aid  of  this  addition,  complete  oxidation  of  even  very 
difficultly  combustible  bodies  may  be  effected  (Liebio). 

3.  Combustion  with  Oxide  op  Copper  in  a  Stream  op  Oxygen  Gab. 

§178. 

Many  chemists  effisct  combustion  with  oxide  of  copper  in  a  stream  of 
oxygen  supplied  by  a  guHometer.  The  methods  based  upon  this  prin- 
ciple are  employed  not  only  for  the  analysis  of  difficultly  combustible 
bodies,  but  also  to  effect  the  determination  of  the  carbon  and  hydrogen 
in  organic  substances  in  genei*al. 

These  methods  require  a  gasometer  filled  with  oxygen,  and  another 
with  air,  together  with  certain  arrangements  to  dry  the  oxygen  and  aii 
completely,  and  to  fi*ee  tliem  from  carbonic  acid.  Tliey  are  resoiied 
to  in  cases  where  a  number  of  ultimate  analyses  have  to  be  made  in  suc- 
cession ;  and  also  more  pai'ticularly  in  the  analysis  of  substances  which 
cannot  be  reduced  to  powder,  and  do  not  admit  therefore  of  intimate 
mixture  with  oxide  of  copper,  &c. 

The  heating  may  be  effected  with  the  charcoal  combustion  furnace 
(fig.  77,  p.  426),  but  a  gas  furnace  is  most  convenient. 

Many  forms  of  gas-funiace  have  been  employed.  One  of  the  best  is 
representee!  in  fig.  84.  The  combustion  tube  i^ests  in  a  gutter  of 
sheet  iron,  but  the  glass  is  kept  from  contact  with  the  metal  by  a  layer 
of  asbestos.     It  is  well  to  secure  the  tube  to  the  gutter  by  binding 
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wire.  At  its  ulterior  end  the  combustion  tabs  is  coimect«4l  with  a 
chloride  of  calcium  tube  and  potBsh-bulb  as  usual.  It  ta  &lso  neceaaary 
to  have  a  third  tube  to  collect  tract*  of  moisture  which  the  current  of 
hot  gasea  might  can7  over  from  the  potash  solution.  This  tube  i  is 
6lled  with  small  frsgmvnta  of  caustic  potash. 


Fig.  84. 

Posteriorly,  the  combustion  tube  is  joined  by  a  cork  or  caoutchouc 
■topper  to  a  narrow  glass  tube  which  connects  it  with  the  gasometer  and 
the  apparatus  for  drying  the  oiygen.  The  gas  on  leaving  the  gas- 
ometer streams  first  through  a  potash  bulb-tube  d,  then  through  a  long 
U-tube,  •!,  tilled  with  chloride  of  calcium,  and  finally  through  the  XJ-tube 
fy  containing  pumice  saturated  with  oil  of  vitrioL  It  is  well  to  attach  u 
lever  of  a  foot  or  so  in  length  to  the  handle  of  the  cock  by  which  the 
supply  of  gas  is  admitted  to  the  combustion  tube,  as  thus  the  Sow  of  oxy- 
gea  is  atore  easily  regulated. 

a.  The  ignition  of  the  oxide  of  copper  is  effected  in  the  tube.  To 
accomplish  this,  a  plug  of  asbestos  is  inserted  into  the  anterior  end, 
the  tube  being  then  filled  to  two-thirds  of  its  length  with  oxide  of  cop- 
per; the  posterior  orifice  is  then  joined  to  the  drying  apparatus  inter- 
posed between  the  gasometer  and  the  combustion  tube,  and  the  tube 
heated  to  gentle  redness  in  its  whole  length,  whilst  a  slow  current  of 
atmospheric  air  is  conducted  through  it.*  After  complete  ignition  has 
been  effected  the  fire  is  extinguished,  the  anterior  end  of  the  combustion 
tube,  which  up  to  this  time  has  remained  open,  is  rounect^d  with  an. 
nnweighed  chloride  of  calcium  tube,  and  the  ignited  oxide  allowed  to 
eool  in  a  slow  stream  of  atmospheric  air.  When  the  tube  is  cold,  it  is 
opflned  at  the  posterior  end,  the  substance  introduced  into  it  with  the 
aid  of  a  long  tube  (compare  §  174),  and  quickly  mixed  with  the  oxide 
by  means  of  a  copper  wire  with  twisted  end  (see  fig.  76,  p.  174) ;  the 
aitcr-part  of  the  tube  is  filled  to  within  12  cm.  with  ignited  oxiJe  of 
CQpper,  cooled  in  the  tube  or  flask  shown  in  fig.  75,  p.  174 ;  a  few  gen- 
tle taps  on  the  table  will  suffice  to  shake  the  contents  down  a  little, 
leaving  a  clear  passage  above.  The  posterior  end  of  the  tube  is  then 
•jpain  connected  with  /,  and  the  chloride  of  calcium  tube,  affixed  to  th« 

*  JGItheT  from  a  second  gasometer,  or  by  aid  of  an  aspirator.] 
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front  of  the  combustion  tube  during  the  cooling,  exchanged  for  the  one 
which  is  accurately  weighed,  and  to  which  the  weighed  tubes,  A  and  i, 
are  also  joined. 

The  cock  of  the  oxygen  gasometer  is  now  opened  a  little,  so  tliat  the 
gas  may  pass  in  a  very  slow,  current  through  the  apparatus ;  the  oock  is 
then  suddenly  turned  off,  and  the  level  of  the  fluid  in  the  two  bulb  tubes 
watched  some  time ;  if  no  change  takes  place  in  it,  this  is  a  proof  that 
all  the  joinings  are  air-tight.  After  this,  the  anterior  poi-tion  of  the 
tube  is  lieated  to  redness,  as  far  as  the  layer  of  pure  oxide  of  copper 
extends ;  the  same  is  then  done  with  the  farther  part  also,  as  Selt  as  the 
layer  of  pure  oxide  of  copper  extends,  the  corks  at  both  ends  of  the 
tube  being  protected  by  screens,  as  well  as  also  the  part  containing  the 
mixture.  A  very  slow  current  of  oxygen  gas  is  transmitted  all  the 
time  through  the  apparatus. 

The  part  of  the  tube  containing  the  mixture  is  then  also  heated,  pro- 
ceeding slowly  from  the  anterior  to  the  posterior  part.  The  stream  of 
oxygen  gas  is  gradually  increased,  but  never  to  an  extent  to  allow  the 
oxygen  to  escape  through  the  potash  bulbs  A.  When  the  tube  in  its 
whole  length  is  at  a  red  heat,  and  the  evolution  of  gas  has  ceased,  the 
cock  is  opened  a  little  wider,  and  the  transmission  of  oxygen  continued, 
until  at  last,  when  the  i^educed  oxide  of  copper  is  completely  reoxi- 
dized,  the  gas  begins  to  escape  unabsorbed  through  the  potash  bulbs. 
The  cock  of  the  oxygen  gasometer  is  now  shut,  whilst  that  of  the  air 
gasometer  is  opened  a  little ;  the  combustion  tube,  dec.,  are  allowed  to 
cool  in  a  slow  stream  of  atmospheric  air.  The  chloride  of  calcium  tube, 
and  the  potash  bulbs  with  the  potassa  tube  joined  to  them,  are  then 
weighed. 

A  very  great  advantage  of  this  method  consists  in  this,  that  the  com- 
bustion tube,  after  the  termination  of  the  first,  is  quite  ready  for  a 
second  analysLs. 

h.  The  combustion  of  most  substances  may  be  effected  also  without 
mixing  with  oxide  of  copper,  by  introducing  the  sample  into  a  platinum, 

copi^er,  or  porcelain  boat  or  tray  (fig. 
85).  This  method  affords  the  advan- 
tage of  enabling  the  operator  to  de- 
termine at  the  same  time  any  uncou- 
Fig.  85.  sumed  residue  (ash)  that  may  remain 

behind,  which  in  some  cases — in  the 
analysis  of  coals,  for  instance — is  a  great  convenience.  The  substance 
is  weighed  in  the  boat,  enclosed  in  a  corked  glass  tube. 

The  process  of  combustion  is  then  conducted  as  follows  : — Introduce 
into  the  anterior  end  of  the  tube  a  plug  of  asbestos,  then  fill  the  tube 
with  oxide  of  copper,  leaving  about  20  cm.  free,  and  keep  the  oxide  in 
its  place  by  pushing  an  asbestos  plug  down  upon  it.  Heat  the  tube 
now  to  redness  in  the  combustion  furnace,  pass  a  current  of  air  tlirough 
it,  to  remove  all  moisture,  connect  the  anterior  end  with  an  unweighed 
chloride  of  calcium  tube,  and  let  the  apparatus  cool ;  then  push  the  boat 
containing  the  sample  down  to  the  r(*.ar  asbestos  plug,  and  connect  the 
after-part  of  the  tube  with  the  purifying  apparatus  interposed  between 
the  gasometer  and  the  combustion  tube,  the  fore-part  with  the  weighed 
chloride  of  calcium  tube  and  potash  bulbs  with  potassa  tube.  Heat  the 
oxide  of  copper  in  the  combustion  tube  to  redness,  and  when  approaching 
the  pai't  where  the  boat  is  placed,  open  the  cock  of  the  oxygen  gasometer  a 
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little ;  when  tbe  aeat  has  reached  the  contents  of  the  boat,  proceed  with 
proper  caution,  and  take  oare  to  pass  neither  too  little  nor  coo  muc?* 
oxygen  through  the  tube.  Increase  the  current  of  oxygen  a  little  at  last, 
and  let  the  apparatus  finally  cool  in  a  slow  current  of  atmospheric  air. 
With  this  method,  it  is  still  easier  than  with  a  to  use  the  combustion 
tube  for  a  second  analysis  immediately  after  the  first,  as  all  that  is 
required  for  the  purpose  is  to  insert  a  fresh  boat  with  another  sample 
of  substance,  to  replace  the  one  just  removed. 


» 


VbicUUe  Substances y  or  Bodies  undergoing  Alteration  at  100° 
{losing  Water ^  for  instance), 

§  179. 

The  process  is  conducted  either  according  to  §  174, 
or  as  dii*ected  §  178.  Ignited  chromate  of  lead,  cooled 
in  a  closed  tube,  may  also  be  employed  as  oxidizing 
agent. 

b.  Fluid  Bodies. 

a.  Volatile  liquids  {e.g,,  ethereal  oils,  alcohol,  &c.), 

§  180. 

1.  The  analysis  of  organic  volatile  fluids  requires 
the  objects  enumerated  in  §  174.  The  combustion 
tube  should  be  somewhat  longer  than  there  men- 
tioned ;  it  should  have  a  length  of  50  or  60  cm.,  ac- 
cording as  the  substance  is  less  or  more  volatile.  The 
process  i-equires  besides  several  small  glass  bulbs  for 
the  reception  of  the  liquid  to  be  analyzed.  These 
bulbs  are  made  in  the  following  manner  : — 

A  glass  tube,  about  30  cm.  long  and  about  8  mm. 
wide,  is  drawn  out  as  shown  in  fig.  86,  fused  ofi*  at  c/, 
and  A  expanded  into  a  bulb,  as  shown  in  fig.  87. 
The  bulbed  part  is  then  cut  off  at  0.  Another  bulb  is 
then  made  in  the  same  way,  and  a  third  and  fourth, 
4&C.,  as  long  as  sufficient  length  of  tube  is  left  to  se- 
cure the  bulb  from  being  reached  by  the  moisture  of 
the  mouth. 

Two  of  these  bulbs  are  accurately  weighed ;  they  are 
then  filled  with  the  liquid  to  be  analyzed,  closed  by  fu- 
sion, and  weighed  again.  The  filling  is  effected  by 
slightly  heating  the  bulb  over  a  lamp  and  immersing  Fig.  87. 
the  point  into  the  liquid  to  be  analyzed,  part  of  which 
will  now,  upon  cooling,  enter  the  bulb.  If  the  fluid  is  highly 
volatile,  the  portion  entering  the  still  warm  bulb  is  converted 
into  vapor,  which  expels  the  fluid  again;  but  the  moment  the 
vapor  is  recondensed,  the  bulb  fills  the  more  completely.  If 
the  liquid  is  of  a  less  volatile  nature,  a  small  portion  only  will 
enter  at  first;  in  such  cases  the  bulb  is  heated  again,  to  convert 
what  has  entered  into  vapor,  and  the  point  is  then  again  im- 
Wig,  S6.  mersed  into  the  fluid,  which  will  now  readily  enter  and  fill  the 
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bulb.     The   exceas  of  fluid  ia  ejected   from   the  neck   of   the  little 

tube  by  a  Budden  jerk;    the  poiut  of  the  ctipiilary  neck  ie  then  sealed 

in    the   blowpipe    flame.       The    combustion    tube     is    now    prepared 

for  tlie  process  by  introducing  into  it  from  the  filling-tnbe  or  flask 

{§   174),  a    layer    of   oxido    of    copper    occupying    about    C    coi,    io 

length.    The  middle  of  the  neck  of  one  of  the  bulbs  is  sli^tly  scnktched 

with  a  file,  the  pointed  end   is   quickly   broken  off,   and  the  bulb  and 

end  are    dropped   into  the  mmbustion  tube  (see  Sg.  88),     Anotlier 

layer   of  oxide  of  copper,  about  6 — 9  cm.   long,   ia  then 

filled  in,  and  the  other  bulb  introduced  in  the  same  manner 

as  the  fii-at.     The  tube  is  finally  neart]^  filled  with  oxide  of 

copper,     A  few  gentle  taps  upon  the  table  suffice  tu  clear 

a  free  passage  for  the  gases  evolved.     (It  is  advisable  to 

place  in  the  anterior  half  of  the  combustion  tube  sra&ll 

lumps  of  oxide  of  copper  [comp.  §  l>6,  1],  or  superficiHlly 

oxidized  copper  tiu:ningH,  which  will  permit  the  free  \>»»- 

sage  of  the   gases,  even  with  a  uan'ow  chaonel,  or  no 

channel  at  all ;  since  with  a  wide  channel  there  ia  the  risk 

of  vapora  passing  unconsumed  through  the  tube.) 

The  combustion  of  highly  volatile  substances  demattda 
great  aire,  and   requires  certain  modiflcations  of  the  com- 
mon metliod.      The  operation  commences  by  heating  to 
redness  the  anterior  half  of  the  tube,  which  is  separated 
from  the  rest  by  a  screen,  or  in  the  case  of  highly  volatile 
substances,  by  two  screens ;  ignited  charcoal  isthen  placed 
behind  the  tube  to  heat  the  tail  sjid  prevent  the  conden- 
sation of  vapor  inJiat  part,     A  piece  of  red-hot  charcoal 
is  now  applied  to  that  part  of  the  tube  which  is  occupied 
tig.  88,      by   the   first  bulb  ;  this  causes  the  efflux  and  evaponbtion 
of  the  contents  of  the  latter  ;  the  vapor  passing  over  the 
oxide  of  copper  suflers  combustion,  and  thus  the  evolution  of  gas  com- 
mences, which  ia  Uien  maintained  by  heating  very  gradually  the  first, 
and  after  this  the  second  bulb ;  it  is  better  to  conduct  the  operation  too 
slowly  than  too  quickly.      Sudden  heating  of  the  bnlbs  would  at  oitce 
cause  such  an  impetuous  rush  of  gas  as  to  eject  the  fluid  from  the 
potash  bulbs.     The  tube  is  finally  in  its  entire  length  surrounded  with 
ignited  charcoal,   and   the   rest  of  the  operation  conducted  in  the  asvtal 
way.     If  the  air  drawn  through  the  apparatus  tast«e  of  the  analyzed 
substance,  this  is  a  sure  sign  that  complete  combnation  haa  not  been 
effected. 

2.  In  the  combustion  of  liquids  of  high  boiling  point  and  abound- 
ing in  carbon,  e.g.,  ethereal  oils,  unconsumed  carbon  ia  apt  to  depont 
on  the  completely  reduced  copper  near  the  subetanoe ;  it  is  therefore 
advisable  to  distribute  the  quantity  intended  for  analysis  (about  0-4 
grm.)  in  3  bulbs,  separated  from  ettch  other  in  the  tube  by  layers  of 
oxide  of  copper, 

3.  In  the  combustion  of  less  volatile  liquids,  it  is  advisable  to  empty 
the  bulbs  of  their  contents  before  the  combustion  b^(ina :  this  is  ^ec^ed 
by  connecting  the  filled  tube  with  an  exhausting  syringe,  and  rarefying 
tlie  air  in  the  tube  by  a  single  pull  of  the  handle;  this  will  suffice  to 
PKjAnd  the  air-bubble  in  each  bulb  sufficiently  to  eject  the  oily  Ikqiud 
from  it,  which  is  then  absorbed  by  the  oxide  of  cop]>er. 

1.  If  there  is  reason  to  apprehend  that  the  oxide  of  copper  may  not 
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suffice  to  effect  the  complete  combustion  of  the  carbon,  tLj  process  i^. 
terminated  in  a  stream  of  oxygen  gas  (compare  §  176). 

5.  If  it  is  intended  to  effect  the  combustion  in  the  apparatus  de 
Bcril  cd  in  §  178  (in  a  current  of  oxygen  gas),  the  bulb  must  be  drawn  out 
to  a  fine  long  point,  and  filled  almost  completely  with  the  fiuid.  Tho 
point  is  then  sealed  in  the  blowpipe  flame,  and  the  bulbs  are  transfen*ed 
in  that  state  to  the  combustion  tube.  When  the  anterior  and  the  far- 
ther end  of  the  tube  are  red-hot,  a  piece  of  ignited  charcoal  is  put  to 
the  part  occupied  by  the  first  bulb,  when  the  expansion  of  the  liquid 
will  cause  it  to  burst.  When  the  contents  of  the  first  bulb  are  con- 
sumed, the  second,  and  after  this  the  third,  are  treated  in  the  same  way. 
This  method  will  not  answer,  however,  for  very  volatile  liquids,  as,  c.y., 
ether,  on  account  of  the  explosion  which  would  inevitably  take  place. 

d.  Non-volcUile  Zfiquids  {e,g,f  &>tty  oils). 

§  181. 

The  combustion  of  non-volatile  liquids  is  effected  either,  1,  with  chro- 
mate  of  lead,  or  oxide  of  copper  and  oxygen ;  2,  in  the  appai*atus  de- 
scribed §  178. 

1.  The  operation  is  conducted  in  general  as  directed  §  175  or  §  176. 
The  substance  is  weighed  in  a  small  tube,  placed  for  that  purpose  in  a 
tin  foot  (see  fig.  89),  and  the  mixing  effected  as  follows: — 
Introduce  into  the  combustion  tube  first  a  layer,  about  6  cm. 
long,  of  chromate  of  lead,  or  of  oxide  of  copper;  then  drop 
in  the  small  cylinder  with  the  substance,  and  let  the  oil  com- 
pletely run  out  into  the  tube;  make  it  spread  about  in 
various  directions,  taking  care,  however,  to  leave  the  upper 
side  (intended  for  the  channel)  and  the  forepart,  to  the  ex- 
tent of  {-  or  ^  of  the  length  of  the  tube,  entirely  clean.     Fill    

the  tube  now  nearly  with  chromate  of  lead  or  oxide  of  cop-  ^ig.  89. 
per, — which  has  previously  been  cooled  in  the  filling  tube  or 
flask, — ^taking  care  that  the  little  cylinder  which  contained  the  oil  be 
completely  filled  with  the  oxidizing  agent.  Place  the  tube  in  hot  sand, 
which,  imparting  a  high  degree  of  fluidity  to  the  oil,  leads  to  the  per- 
fect ab6or{)tion  of  the  latter  by  the  oxidizing  agent,  and  proceed  with 
the  combustion  in  the  usual  way.  It  is  advisable  to  select  a  tolerably 
long  tube.  Chromate  of  lead  is  usually  to  be  preferred.  If  it  is  used, 
a  very  intense  heat,  sufficiently  strong  to  fiise  the  contents  of  the  tube, 
is  cautiously  appUed  in  the  last  stage  of  the  process. 

Solid  fats  or  waxy  substances  which,  not  being  reducible  to  powder, 
cannot  be  niixed  with  the  oxidizing  agent  in  the  usual  way,  are  treated 
in  a  similar  manner  to  fatty  oils.  They  are  fused  in  a  small  weighed 
glass  boat,  made  of  a  tube  divided  lengthwise ;  when 'cold,  the  little  boat 
with  its  contents  is  weighed,  and  then  dropped  into  the  combustion  tube, 
which  has  been  previously  filled  to  the  extent  of  about  6  cm.  with 
diromatie  of  lead,  or  with  oxide  of  copper.  The  substance  is  then 
fbsed  by  the  application  of  heat,  and  made  to  spread  about  in  the  tube 
in  the  same  manner  as  is  done  with  fatty  oils ;  the  rest  of  the  operation 
ilso  being  conducted  exactly  as  in  the  latter  case.  If  chromate  of  lead 
IB  employed  it  wiU  be  found  advantageous  to  add  some  bichromate  of 
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poiassa  (§  177).      If  oxide  of  copper  be  used,  finish  in  a  stream  oi 
oxygen  (§  176). 

2.  If  it  is  intended  to  effect  the  combustion  of  fatty  substances  oi 
other  bodies  of  the  kind  in  a  current  of  oxygen  gas,  in  the  apparatus 
described  in  §  178,  the  substance  is  weighed  in  a  porcelain  or  platinum 
boat,  which  is  then  inserted  into  the  tube,  and  the  posterior  part  of  the 
latter  filled  with  oxide  of  copper,  as  directed  above.  The  combustion 
must  be  conducted  with  great  cai^e.  As  soon  as  the  oxide  of  copper  in 
the  anterior  and  the  posterior  parts  of  the  tube  is  red-hot,  a  piece  of 
red-hot  charcoal  is  put  to  the  part  occupied  by  the  little  boat.  The 
volatile  products  generated  by  the  dry  distillation  of  the  substance  bum 
at  the  expense  of  the  oxide  of  copj:)er. 

When  it  is  perceived  that  the  surface  layer  of  the  oxide  of  copper  is 
reduced,  the  application  of  heat  to  the  substance  is  suspended  for  a 
time,  and  resumed  only  after  the  reduced  copper  is  reoxidized  in  the 
stream  of  oxygen  gas.  Care  is  finally  taken  to  insure  the  complete 
combustion  of  the  carbon  remaining  in  the  boat. 

Supplement  to  A.,  §§  174 — 181. 

§  182. 

Modified  Apparatus  fob  the  Absorption  of  Carbonic  Acid. 

G.  J.  Mulder  *  has  replaced  the  pota«h  bulbs  altogether  by  a  totally 
difterent  absorption  apparatus,  viz.,  by  the  apparatus  already  described, 
p.  293.  The  chloride  of  calcium  tube  is  immediately  connected  with 
the  system  of  TJ-tubes,  fig.  90  ;  a  contains  small  pieces  of  glass,  6  to  1 0 
drops  concentrated  sulphuric  acid,  and  at  the  top  asbestos  plugs,  b  is 
filled  to  ^  with  granulated  soda-lime  (say  20  grm.),  the  remaining  ^  (in 
the  2d  limb)  contains  chloride  of  calcium  (say  3  grm.).  Lastly,  c  is 
filled  with  lumps  of  hydrate  of  potassa.     a  and  b  are  weighed  together, 

c  serves  as  a  guard  to  6,  and  is  not 
weighed.  The  sulphuric  acid  tube 
serves  to  show  the  rate  of  the  evolu- 
tion of  gas  ;  it  contains  enough  sul- 
phuric acid,  when  the  lower  part  is 
just  stopped  up.  If  the  process 
goes  on  properly,  the  weight  of  the 
tube  does  not  increase  more  than  1 
mgrm. ;  generally  the  increment  is 
unweighable.  If  the  tube  is  closed 
after  use  with  caoutchouc  caps,  it 
may  be  used  over  and  over  again. 
The  sulphuric  acid  possesses  the  ad- 
vantage over  other  fluids  that  it  in- 
dicates whether  the  combustion  Was 
complete  or  not;  for  in  the  first 
case  it  remains  colorless,  in  the  sec- 
ond it  becomes  brown  from  the  escaping  hydrocarbons,  and  then  the 
results  cannot  be  expected  to  be  perfectly  accurate.  The  abs(>rption  of 
the  carbonic  acid  by  the  soda-lime,  tube  is  as  i^^pid  as  it  is  ^omplet«; 

*  Zeitachrift  f.  analyt  Chem.  1,  2. 


Jig.  90. 


g  183.]  OBGAKIC  ANALTSIS.  4311 

even  when  a  stream  of  carbonic  acid  is  passing,  with  ten  tiiaes  the  ra- 
pidity usual  in  organic  analysis,  no  trace  of  the  acid  makes  its  escape. 
The  absorption  of  the  carbonic  acid  is  attended  with  warming  of  the  soda< 
lime ;  if  any  water  evaporates  from  the  sodarlime,  it  is  retained  by  the 
chloride  of  calcium  in  the  second  limb.  The  co^ks  of  the  absorption 
tabes  are,  like  the  others,  coated  with  sealing-wax.  A  filled  soda-lime 
tube  weighs  about  40  grm.  The  first  time  it  is  used  alone ;  the  second 
time  the  same  tube  is  used,  but  as  a  precautionary  measure  a  second 
similarly  filled  and  separately  weighed  tube  is  placed  in  front  of  it. 
The  second  tube  rai*ely  increases  in  weight,  and  unless  it  does,  the 
first  tube  can  be  used  a  third  time,  but  of  course  iii  connection  with  the 
second.  If  the  second  tube  has  gained  in  the  third  operation,  the  first 
tube  is  rejected  at  the  fourth  operation,  and  the  second  is  iio.w  used 
alone,  Ac.  If  after  the  combustion  a  stream  of  oxygen  is  transmitted 
through  the  combustion  tube,  the  tubes  are  of  course  at  the  end  full  of 
oxygen.  If,  then,  care  be  taken  that  the  tubes  are  full  of  oxygen  before 
weighing,  the  trouble  of  the  final  transmission  of  air  may  be  saved. 
For  weighing,  Mulder  closes  the  ends  of  the  glass  tubes  with  caps 
made  out  of  india-rubber  tube. 

Mulder's  absorption  apparatus  is  peculiarly  suitable,  when  the  car- 
bonic acid  i^  mixed  with  another  gas.  It  insures  complete  absorption, 
precludes  the  evaporation  of  any  water,  and  offers  perfect  security  in 
case  of  the  sudden  occuiTence  of  a  too  rapid  evolution  of  gas. 

B.  Analysis  of  Compounds  consisting  of  Carbon,  Hydrogen, 

Oxygen,  and  Nitrogen. 

The  principle  of  the  analysis  of  such  compounds  is  in  general  this : 
in  one  portion  the  carbon  and  the  hydrogen  are  determined  as  carbonic 
acid  and  water  respectively;  in  anotfier  portion^  the  nitrogen  is  deter- 
mined either  in  the  gaseous  form,  or  as  chloride  of  ammonium  and  bi- 
chloride of  platinum,  or  by  neutralizing  the  ammonia  formed  from  the 
nitrogen ;  the  oxygen  is  calculated  from  the  loss. 

As  the  presence  of  nitrogen  exercises  a  cei-tain  influence  upon  the 
estimation  of  carbon  and  hydrogen,  we  have  here  to  consider  not  only 
the  method  of  determining  the  nitrogen,  but  also  the  modifications 
which  the  presence  of  the  nitrogen  renders  necessary  in  the  usual  me- 
thod of  determining  the  carbon  and  hydrogen. 

a.  Determination  of  the  Carbon  and  Hydrogen  in  Nitrogenous 

Substances. 

§  183. 

1.  When  nitrogenous  substances  are  ignited  with  oxide  of  copper  or 
with  chromate  of  lead,  a  portion  of  the  nitrogen  present  escapes  in  the 
gaseous  form,  together  with  the  carbonic  acid  and  aqueous  vapor; 
whilst  another  portion,  minute  indeed,  still,  in  bodies  abounding  in 
oxygen,  not  quite  insignificant,  is  converted  into  nitric  oxide  gas,  which 
is  subsequently  transformed  wholly  or  partially  into  nitrous  acid  by  the 
air  in  the  apparatus.  The  application  of  the  methods  described  in  8§ 
174,  &c.,  in  the  analysis  of  nitrogenous  substances  would  accordingly 
give  too  much  carbon ;  since  the  potash  bulbs  would  retain,  besides  the 
carbonic  acid,  also  the  nitrous  acid  formed  and  a  portion  of  the  nitric 
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oxide  (which  in  the  presence  of  potassa  decomposes  slowly  into  nitroiu 
acid  and  nitrous  oxide.)  This  defect  may  be  I'emedied  by  selecting  a 
combustion  tube  about  12—15  cm.  longer  than  those  commonly  em 
ployed,  filling  this  in  the  usual  way,  but  finishing  with  a  loose  layer, 
about  9 — 12  cm.  long,  of  clean,  fine  copper  turnings  (§  66^  5),  or  a 
compact  roll  of  copper  wire-gauze.*  The  process  is  commenced  by 
heating  these  copper  turnings  to  redness,  in  which  state  they  are  main* 
tained  during  the  whole  course  of  the  operation.  These  are  the  only 
modifications  required  to  adapt  the  methods  above  described,  for  the 
analysis  of  nitrogenous  substances.  The  use  of  the  metallic  copper 
depends  upon  its  property  of  decomposing,  when  in  a  state  of  intense 
ignition,  all  the  oxides  of  nitrogen  into  oxygen,  with  which  it  combines, 
and  into  pure  nitrogen  gas.  As  the  metal  exercises  this  action  ODly 
when  in  a  state  of  intt^nse  ignition,  care  must  be  taken  to  maintain  the 
anterior  part  of  the  tube  in  that  state  throughout  the  process.  As  me- 
tallic copper  recently  reduced  retains  hydrogen  gas,  and,  when  kept  for 
some  time,  aqueous  vapor  condensed  on  the  suiiace,  the  copper  turnings 
intended  for  the  process  must  be  introduced  into  the  tube  hot  as  they 
come  from  the  drying  closet  (which  is  heated  to  100°).  v.  Lib- 
bio  recommends  to  compress  the  hot  turnings  in  a  tube  into  a  cylin- 
drical form,  to  facilitate  theii*  rapid  introduction  into  the  combus- 
tion tube. 

2.  If  it  is  intended  to  bum  nitrogenous  bodies  in  the  apparatus 
described  in  8  178,  the  combustion  tube  should  be  about  80  cm.  long, 
and  the  anterior  part  of  it  filled  with  a  layer  15—18  cm.  long,  of  clean 
copper  turnings.  Care  must  be  taken  to  keep  at  least  the  anterior  half 
of  the  turnings  from  oxidizing,  both  during  the  ignition  in  the  current 
of  air  and  during  the  actual  process  of  combustion.  When  the  opera* 
tion  is  terminated,  and  the  oxidation  of  the  metallic  copper  is  visibly 
progressing,  the  oxygen  is  turned  ofi*,  and  the  cock  of  the  air  gasometer 
opened  a  little  instead,  to  let  the  tube  cool  in  a  slow  stream  of  atmos- 
pheric air. 

h.  Determination  of  the  Nitrogen  in  Organic  Oompounds. 

As  already  indicated,  two  essentially  different  methods  are  in  use  for 
effecting  the  determination  of  the  nitrogen  in  organic  compounds; 
viz.,  the  nitrogen  is  either  separated  in  the  pure  form  and  its  volume 
measured,  or  it  is  converted  into  ammonia,  and  this  is  determined 
either  as  bichloride  of  platinum  and  chloride  of  ammonium,  or  by  neu- 
tralization. 

a.  Determination  of  the  Nitrogen  from  the  Volume, 

§184. 

DuMAS^  Method,  modified  by  Schiel. 

This  method  may  be  employed  in  the  analysis  of  all  organic  componndf 
containing  nitrogen.  It  requires  a  graduated  glass  cylinder  of  about 
200  c.  c.  capacity,  with  a  ground-glass  plate  to  cover  it. 

*  The  copper  tomingB  oaonot  be  rei^aoed  by  tiie  metallio  powder  obtained  by  tha 
redaction  of  the  oxide  with  hydrogen,  as  tlds  obetinately  retains  hydrogen,  and 
consequentlj  decomposes  appreciable  quantities  of  carbonio  acid  with  formatioi) 
of  carbonic  oxide.     Schrjtter,  Lantemaim,  Joum.  1  pmkt,  Ohem.  77,  816. 
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The  comliustion  tube  should  be  GO  or  70  cm.  long,  and  drawn  out  al 
the  posterior  end  to  a  stout  open  tail,  which  should  have  a  small  bulb  oi 
swell  for  the  better  fastening  of  a  rubber  tube  to  it.  Introduce  into  it 
near  the  tail  a  plug  of  newly  ignited  asbestos,  then  a  layer  of  oxide  of 
copper,  4  cm.  long ;  after  this  the  intimate  mixture  of  an  accurately 
weighed  portion  of  the  substance  (0*3 — 0*6  grm.,  or,  in  the  case  of  com- 
pounds poor  in  nitrogen,  a  some  wkat  larger  quantity)  with  oxide  of  cop 
per,  then  tlie  oxide  which  has  served  to  rinse  the  mortar,  followed  by 
a  layer  of  pure  oxide,  and  lastly,  a  layer  of  copper  turnings,  about  15 
cm.  long.  Make  a  channel  along  the  top  of  the  tube  by  gentle  tapping. 
Connect  the  tube  with  the  bent  delivery  tube  c  f  {^g.  91),  and  place 


Fig.  91. 

in  the  furnace.  Connect  the  tail  by  means  of  a  stout  tube  of  India  rub- 
ber with  an  apparatus  for  giving  a  continuous  stream  of  washed  car* 
bonic  acid  gas.  Transmit  this  slowly  through  the  tube  for  half  an  hour, 
then  immerse  the  end  of  the  bent  delivery  tube  under  mercury,  and 
invert  over  it  a  test  tube  filled  with  solution  of  potassa.  If  the  gas 
bubbles  entering  the  cylinder  are  completely  absorbed  by  the  solution 
of  potassa,  this  is  a  proof  that  the  air  is  thoroughly  expelled  from  the 
tube.  But  should  this  not  be  the  case,  the  evolution  of  carbonic  acid 
must  be  continued  until  the  desired  point  is  attained.  When  the  gas  is 
completely  absorbed,  close  the  communication  between  the  COg  genera* 
tor  and  the  combustion  tube  by  a  screw  clamp  or  stop-cock,  invert  the 
graduated  cylinder,  tilled  |  with  mercury,  ^  with  concentrated  solution 
of  potassa,  over  the  end  of  the  delivery  tube,  with  the  aid  of  a  ground* 
glAss  plate,*  and  proceed  with  the  combustion  in  the  usual  way,  heating 
first  the  anterior  end  of  the  tube  to  redness,  and  advancing  gradually 
towards  the  farther  end.  In  the  last  stage  of  the  process,  communica 
tion  is  reestablished  with  the  CO^  generator,  and  thus  the  whole  of  the 
nitrogen  gas  which  still  remains  in  the  tube  is  forced  into  the  cylinder. 
Wait  now  until  the  volume  of  the  gas  in  the  cylinder  no  longer  decreases, 
even  upon  shaking  the  latter  (consequently,  until  the  whole  of  the  car- 
bonic acid  has  been  absorbed),  then  place  the  cylinder  in  a  large  and 
deep  glass  vessel  filled  with  water,  the  transport  from  the  mercurial 
trough  to  this  vessel  being  effected  by  keeping  the  aperture  closed  with 

*  The  following  is  the  best  wfiy  of  filling  the  cyliader  and  inverting  it  ovei 
the  opening  of  the  bent  delivery  tube:^-The  mercury  is  introduced  first*  and 
the  oir-bnbbles  which  adhere  to  the  walls  of  the  vessel  are  removed  in  the  usual 
way.  The  solution  of  potassa  is  then  poured  in,  leaving  the  top  of  the  cylindei 
free,  to  the  extent  of  about  2  lines ;  this  is  cautiously  filled  up  to  the  brim  with 
poze  water,  and  the  ground-glass  plate  slided  over  it.  The  cylinder  is  now  in- 
verted, and  the  opening  placed  under  the  mercury  in  the  trough ;  the  glass  plate 
U  then  withdrawn  from  under  the  cylinder.  In  this  manner  the  operation  may 
oe  performed  easily,  and  without  soiling  the  flngem. 
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a  small  dish  filled  with  mercoiy.  Hie  mercury  and  the  solution  of 
potassa  sink  to  the  bottom,  and  are  replaced  by  water.  Immerse  the 
cylinder,  then  raise  it  again  until  the  water  is  inside  and  outside  on  an 
exact  level ;  road  off  the  volume  of  the  gas  and  mark  the  temperature 
of  the  water  and  the  state  of  the  barometer ;  calculate  the  weight  of  the 
nitrogen  gas  from  its  volume,  after  reduction  to  the  normal  tempera- 
ture and  pressure,  and  with  due  regard  to  the  tension  of  the  aqueous 
vapor  (comp.  "  Calculation  of  Analyses").  The  results  are  generally 
somew^hat  too  high,  viz.,  by  about  0*2 — ^0*5  per  cent. ;  this  is  owing  to 
the  circumstance  that  even  long-continued  transmission  of  carbonic  acid 
through  tho  tube  fails  to  expel  every  trace  of  atmospheric  air  adhering 
to  the  oxide  of  copper. 

It  is  highly  advisable,  before  making  any  nitrogen  determinations 
with  this  method,  to  subject  a  non-nitrogenous  substance,  e,g.^  sugar, 
to  the  same  process.  The  analyst  thereby  acquaints  himself  with  the 
extent  of  the  error  to  which  he  will  be  exposed.  In  such  an  experi- 
ment the  quantity  of  unabsorbed  gas  should  not  exceed  1  or  1^  c.c. 

To  insure  complete  combustion  of  difficultly  combustible  bodies, 
Strecker  recommends  the  addition  of  arsenious  acid  in  powder  to  the 
oxide  of  copper  with  which  the  substance  is  to  be  mixed  ;  the  arsenious 
acid  is  volatilized  by  the  action  of  the  heat,  the  fumes  burning  the  whole 
of  the  carbon  like  a  current  of  oxygen.  The  araenious  a<5id  sublimes  m 
the  anterior  part  of  the  tube,  arsenic  remains  in  the  copper. 

[Frankland  *  and  Gibbs  f  employ  the  Spi-engel  mercury  pump  to  ex- 
haust the  combustion  tube  of  air  previous  to  the  combustion,  and  after- 
wards to  transfer  the  nitrogen  to  the  receiver,  and  obtain  very  accurate 
results.] 

S,  Determination  of  Nitrogen  by  conversion  into  Ammonia. 

Varrkntrapp  and  Will's  Method. 

§  185. 
This  method  may  be  applied  to  all  nitrogenous  compounds,  except 
those  containing  the  nitrogen  in  the  form  of  nitric  acid,  hyponitric  acid, 
&c.|  It  is  based  upon  the  same  principle  as  the  method  of  examining 
organic  bodies  for  nitrogen  (§172,  1,  a),  viz.,  upon  the  circumstance  that, 
when  nitrogenous  bodies  are  ignited  with  the  hydrate  of  an  alkaU,  the 
water  of  hydration  of  the  latter  is  decomposed,  the  oxygen  forming  with 
the  carbon  of  the  organic  body  carbonic  acid,  which  then  combines  with 
the  alkali,  whilst  the  nydrogen  at  the  moment  of  its  liberation  combines 
with  the  whole  of  the  nitrogen  present  to  ammonia. 
!  In  the  case  of  substances  abounding  in  nitrogen,  such  as  uric  acid, 
mellon,  <kc.,  the  whole  of  the  nitrogen  is  not  at  onoe  converted  into 
anmionia  in  this  process ;  a  portion  of  it  combining  with  part  of  the 
carbon  of  the  organic  matter  to  cyanogen,  which  then  combines,  either 
in  that  form  with  the  alkali  metal,  or  in  form  of  cyanic  acid  with  the 
alkali.  Direct  experiments  have  proved,  however,  that  even  in  such 
cases  the  whole  of  the  nitrogen  is  ultimately  obtained  as  ammonia,  if 

[♦Journal  Chem.  Soo.,  1868,  p.  90.] 

[+  Unpublished  paper  read  before  National  Academy  of  Sciences,  Aug.,  1868.] 
\\  Veg-etable  matters,  as  dried  plants,  containing  not  more  than  3  per  cent,  of 
NO 6  may  be  analyzed  by  this  method.   In  a  case  where  6  per  cent,  of  NOa  was  pre 
sent,  -a  loss  of  0*2  per  cent,  of  N  took  place  m  the  experiments  of  E.  Scbulze.-- 
Fres.  Zeitschrift  vi.,  3S7J. 
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tlie  hydreted  alkkll  is  present  in  excess,  and  the  heat  a^-plied  aufficientlj 
intense. 

A  a  in  all  organic  nitrogenous  compoandsthe  carlxtn  preponderates  oret 

the  nitrogen,  the  oxidation  of  the  former,  at  the  expense  of  the  water, 

will  invariably  liberate  a  quantity  of  hydrogen  more  than  sufficient  tc 

oonvert  tbe  whole  of  tbe  nitrogen  present  into  ammonia;  for  instance, 

C,N++ H  0=2  C  0,+N  H,+H. 

The  excess  of  the  liberated  hydrogen  escapes  either  in  the  free  state, 
OP  in  combination  with  the  not  yet  oxidized  carbon,  according  to  the 
lelatire  proportions  of  the  two  elements  and  the  temperature,  as  marsh 
gaa,  olefiant  gas,  or  vapor  of  readily  condensible  hydrocarbons,  which 
gases  serve  in  a  certain  measure  to  dilute  the  ammonia.  As  a  certain 
dilution  of  that  pi-oduct  is  necessary  for  the  success  of  the  operation,  I 
will  here  at  once  state  that  substances  rich  in  nitrogen  should  be  mixed 
with  more  or  leas  of  some  non -nitrogenous  body —  sugar,  for  instance — 
so  that  there  may  be  no  deficiency  of  diluent  gas. 

The  ammonia  is  determined  volumetrically,  see  §  208. 
aa.  ReqtiUite*. 

1.  The  objects  enumerated  g  174, and  aFoscELAiN  MoBTARfor  weigh- 
ing and  mixing  the  substance. 

2.  A  Combustion-tube  of  the  kind  described  §  174,  3  ;  length  about 
40  cm.,  width  about  12  mm.  Tbe  combustion  is  effected  in  an  ordi- 
nary combustion  furnace  (§  174,  11). 

3.  Soda-Lime. — (^  66,  4).  It  is  advisable  to  gently  heat  in  a  pla^ 
tinum  or  porcelain  dish,  a  quantity  of  the  soda-lime  sufficient  to  fill  the 
combustion  tube,  so  aa  to  have  it  perfectly  dry  for  the  process  of  com- 
bustion. In  the  analysis  of  non-volatile  substances,  the  best  way  is  to 
use  the  soda-lime  while  still  warm. 

4.  Asbestos. — A  small  portion  of  this  substance  is  ignited  in  a  plft- 
tintim  crucible  previous  to  use. 

6.  A  Varrestbapp  and  Will's  Bulb-apparatdb. — This  may  be  ob- 
tained from  the  shops.     Fig.  92  shows  its  form.     It  is  filled  to  the 


Kg.  98. 

extent  indicat«d  in  the  drawing  with  standard  sulphuric  acid  §  204,  ot 
which  20  c.c  should  be  employed.  Tbe  acid  is  introduced  either  by 
dipping  the  point  into  the  acid,  and  applying  auction  to  d,  or  by  means 
of  »  burette. 

In  order  to  guard  against  the  receding  of  the 
acid  into  the  combustion  tube,  Arekdt  and  Knop 
have  suggested  the  form  indic»ted  fig.  93. 

6.  A  soft,  well-perforated  Cork,  which  fits  the 
tombustion  tube  air-tight,  and  in  which  the  tube  d 
ot  the  bulb  appai'atus  fits  closely.  ' 

7.  A  Suction-tube  of  caoutchouc  adapted  to  the  ^ 
point  of  the  bulb  ap^>aratus.                                                        ™' 


1$/ 
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bb.  The  JPt*oce8$, 

The  combustion  tube  is  half  filled  with  sodarlime,  which  is  then  gra- 
dually transferred  to  the  perfectly  dry,  and,  if  the  nature  of  the  sub- 
stance permits,  rather  warm  mortar,  where  it  is  most  intimately  mixed 
with  the  weighed  substance,  forcible  pressure  being  cai-efolly  avoided , 
a  layer  of  soda-lime,  occupying  about  3  cm.,  is  now  introduced  into 
the  posterior  part  of  the  combustion  tube,  and  the  mixture  filled-in 
after;  the  latter,  which  will  occupy  about  20  cm.,  ia  followed  by  a 
layer  of  about  5  cm.  of  soda-lime,  which  has  been  used  to  rinse  the 
mortar,  and  this  again  by  a  layer  of  12  cm.  of  pure  soda-lime,  leaving 
thus  about  4  cm.  of  the  tube  clear.  The  tube  is  then  closed  with 
a  loose  plug  of  asbestos,  and  a  fi'ee  passage  for  the  evolved  gases 
formed  by  a  few  gentle  taps ;  it  is  then  connected  with  the  bulb  ap- 
I  paratus  by  means  of  the  perforated  cork,  and  finally  placed  in  the  com- 

bustion furnace  (see  fig.  92). 
/  To  ascertain  whether  the  apparatus  closes  air-tight,  some  air  is  ex- 

pelled by  holdine  a  piece  of  red-hot  charcoal  to  the  bulb  a,  and  the  ap- 
paratus observed,  to  see  whether  the  liquid  will,  upon  cooling,  perma- 
nently assume  a  higher  position  in  a  than  in  the  other  limb.  The  tube 
is  then  gradually  surrounded  with  ignited  charcoal,  commencing  at  the 
anterior  part,  and  progressing  slowly  towards  the  tail,  the  operation 
being  conducted  exactly  as  in  an  ordinaiy  combustion  (§  1 75).  Care 
must  be  taken  to  keep  the  anterior  part  of  the  tube  tolerably  hot 
throughout  the  process,  since  this  will  almost  entirely  prevent  the 
passage  of  liquid  hydrocarbons,  the  presence  of  which  in  the  standard 
acid  Would  be  inconvenient.  The  asbestos  should  be  kept  sufficiently 
hot  to  guard  against  its  retaining  water,  and  with  this,  ammonia.  The 
combustion  should  be  conducted  so  as  to  maintain  a  steady  and  unin- 
terruped  evolution  of  gas ;  there  is  no  fear  of  any  ammonia  escaping 
unabsorbed,  even  if  the  evolution  is  rather  brisk ;  but  the  ojierator  must 
constantly  be  on  his  guard  against  the  receding  of  the  acid,  which  takes 
place  the  moment  tne  evolution  of  gas  ceases,  and  this,  in  some  in- 
stances, with  such  impetuosity  as  to  force  the  acid  into  the  combustion 
tube,  which  of  course  spoils  the  whole  analysis.  This  difficulty  may  be 
readily  met,  however,  by  mixing  with  the  substance  an  equal  quantity 
of  sugar,  which  will  give  rise  to  the  evolution  of  more  permanent  gases 
diluting  the  ammonia. 

When  the  tube  is  ignited  in  its  whole  length,  and  the  evolution  of 
gas  has  toUdly  ceased,*  the  point  ol  the  combustion  tube  is  broken  off, 
and  air  to  the  extent  of  several  times  the  volume  of  the  ga«  in  the  tube 
is  sucked  through  the  apparatus,  to  force  all  the  rest  of  the  ammonia 
into  the  acid. 

Liquid  nitrogenous  compounds  are  weighed  in  small  sealed  glass  bulbs, 
and  the  process  is  conducted  as  directed  §  180,  with  this  difference,  that 
soda-lime  is  substituted  for  oxide  of  copper.  It  is  advisable  to  employ 
tubes  of  greater  length  for  the  combustion  of  liquids  than  are  reqiiii-ed 
foi*  solid  bodies.  Ths  best  method  of  conducting  the  operation,  is  to 
neat  first  about  one- third  of  the  tube  at  the  anterior  end,  and  then  to 
force  the  liquid  from  the  bulbs  into  the  tube  by  heatin:;  the  hinder 
end  of  the  latter ;  the  expelled  liquid  will  thus  become  di  ft  used  in  the 


*  This  is  indicated  by  the  white  color  which  the  mixture  rvutssameB  when  aO 
Ihe  cnrbon  deposited  on  tho  aurfaoe  ia  oxidised. 
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central  part  of  the  tube,  witliout  being  decomposed.  By  a  progressive 
application  of  heat,  proceeding  slowly  from  the  anterior  to  the  po&teiior 
end,  a  steady  and  uniform  evolution  of  gas  may  be  easily  maintained. 

When  the  combustion  is  terminated,  the  bulb  apparatus  is  emptied, 
through  the  opening  at  the  point  into  a  beaker,  and  rinsed  with  water 
until  the  rinsings  cease  to  manifest  acid  reaction. 

The  es:ces8  of  acid  is  determined  by  means  of  standard  potash  solu- 
tion and  cochineal  tincture,  or,  if  the  acid  is  so  colored  that  the  point 
of  neutralization  cannot  readily  be  decided  by  cochineal,  employ  slips  of 
turmeric  pa))er  (see  §  208). 

It  is  advantageous  to  use  a  rather  dilute  acid,  1  c.c.=0'005  grro.  of 
nitrogen.  The  receiver  (fig.  94)  may  be  advantageously  substituted 
for  the  bulb-tube.  The  tube  a — previously  provided  with  the  caout- 
chouc stopper  b — is  first  connected  by  the  aid  of  a  good  cork  with  the 
combustion  tube,  and  then  the  XJ-tube  c — having  been  charged  with  the 
proper  quantity  of  acid  from  a  Mohr's  burette — is  added.  At  the  ter- 
mination of  the  combustion,  when  air  has  been  drawn 
through  the  apparatus,  the  tube  a  is  rinsed  into  the 
apparatus  c,  some  tincture  of  cochineal  added,  and 
standard  alkali  run  into  tho  tube  from  a  second  bu- 
rette, until  the  acid  is  almost  neutralized.  Now  pour 
the  contents  of  the  apparatus  into  a  beaker,  rinse 
with  water,  and  complete  the  neutralization.  With 
this  receiver  neither  receding  nor  spirting  is  possible. 
By  not  pouring  out  the  fluid  till  the  point  of  satu- 
ration is  nearly  attained,  you  require  less  water  for 
rinsing  the  tube.  This  method  is  rapid  and  accu- 
rate. 

[Iron  gas  tubes  may  be   advantageously  substi-  

tuted  for  glass  tubes.     They  are  closed  at  the  rear  Yig,  04. 

with  a  cork,  carryin((  a  bit  of  glass  tube  drawn  out 
to  a  sealed  tail.  The  mixture  is  confined  to  its  place  by  loose  asbestos 
plugs.  The  corks  are  kept  from  charring  by  wrapping  the  end  of  the 
tube  with  two  or  three  thicknesses  of  filter-paper,  which  is  kept  wet  by 
a  wash-flask,  or  by  dipping  the  depending  end  into  a  vessel  of  water. 
The  tubes  should  be  45  cm.  long,  and  5  cm.  at  each  end  should 
project^  from  the  fire  and  be  protected  with  wet  paper. 

C.  Analysis  of  Oboanic  Compounps  containinq  Sulphur  * 

§  IM. 

The  usual  method  of  determining  the  carbon  in  organic  bodies — viz., 
by  combustion  with  oxide  of  copper  or  chromate  of  lead — would  give  re- 
sults too  high  in  the  analysis  of  compounds  containing  sulphur,  since — 
more  especially  if  oxide  of  copper  is  used — a  portion  of  the  sulphur 
would  be  converted  in  the  process  into  sulphurous  acid,  which  would  be 
absorbed  with  the  carbonic  acid  in  the  potash  bulbs.  Oarius  itHiom- 
mends  to  biun  substances  containing  sulphur  in  a  tube  60 — 80  cm.  long, 
with  chromate  of  lead,  care  being  taken  that  the  anterior  10 — 20  cm., 
which  contain  pure  chromate  of  lead,  are  never  heated  above  low  red- 
ness. The  chromate  of  lead  may  be  used  again  three  or  four  times 
without  refusion ;  and,  finally,  if  treated  by  Vohl's  method  (p.  97),  it 

[*  Warren*8  method  of  detennming^  carbon,  hydrogen,  and  sulphur  in  one  opera* 
titm  1b  described  in  Am.  Jour.  Sol.,  vol.  41,  2d  ser.,  p.  40.] 
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IB  just  as  tit  for  use  as  if  it  had  not  been  employed  for  the  combustion 
of  a  substance  containing  sulphur. 

The  pi'esence  of  sulphur  demands  no  modification  in  the  process 
described  §§  184  and  186,  for  the  determination  of  nitrogen.  In  wib- 
stances  containing  oxygen  in  presence  of  sulphur,  the  oxygen  ib  esti* 
mated  from  the  loss. 

As  regards  the  estimation  of  the  sulphur  in  organic  compounds,  that 
element  is  invariably  weighed  in  the  form  of  sulphate  of  baryta,  iutc 
which  it  may  be  converted  either  in  the  dry  or  in  the  wet  way. 

a.  Meilioda  in  tJie  Dry  Way. 

1.  Method  suitable^  more  particularly,  to  determine  the  sulphur  in  lumr 
volatile  (Substances  poor  in  Sulphury  e,g,y  in  tlie  so-called  Protein  Cotnr 
pounds  (v.  LiKBio). 

Put  some  lumps  of  hydrate  of  potassa,  free  from  sulphuric  acid  (§  66, 
6.  c),  into  a  capacious  silver  ditih,  add  ^  of  pure  nitrate  of  potassa,  and 
fuse  the  mixture,  with  addition  of  a  few  drops  of  water.  When  the  mass 
is  cold,  add  to  it  a  weighed  quantity  of  the  finely  pulverized  substance, 
fuse  over  the  lamp,  stir  with  a  silver  spatula,  and  increase  the  heat,  con- 
tinuing the  operation  until  the  color  of  the  mass  shows  that  the  carbon 
separated  at  first  has  been  completely  consumed.  Should  this  occupy 
too  much  time,  you  may  accelerate  it  by  the  addition  of  nitrate  of 
potassa  in  small  portions.  Let  the  mass  cool,  then  dissolve  in  water, 
supersaturate  the  solution  with  hydrochloric  acid  in  a  capacious  beaker 
covered  with  a  glass  dish,  and  precipitate  -^ith  chloride  of  barium. 
Wash  the  precipitate  well  with  boiling  water,  first  by  decantation,  then 
on  the  filter.  J)ry  and  ignite.  Treat  the  ignited  sulphate  of  bai^ta  aa 
directed  p.  265  ;  if  this  latter  operation  is  omitted,  the  result  is  almost 
always  too  high. 

2.  Method  adapted  more  particularly  for  the  Analysis  of  non^-volnt^e 
or  diffictddy  volatile  Substances  containing  more  than  5  per  cent,  of  tSul- 
phur  (KOLBE*). 

Introduce  into  the  posterior  part  of  a  straight  combustion  tube,f  40 — 
45  cm.  long,  a  layer,  7 — 8  cm.  long,  of  an  intimate  mixture  of  8  parts 
of  pure  anhydrous  carbonate  of  soda,  and  1  part  of  pure  clilorale  of 
potassa;  after  this  introduce  the  weighed  substance,  then  another 
layer,  7  or  8  cm.  long,  of  the  same  mixture ;  mix  the  organic  confpound 
intimately  with  the  carbonate  of  soda  and  chlorate  of  potassa,  by  means 
of  the  mixing  wire  (fig.  76,  p.  426) ;  fill  up  the  still  vacant  part  of  the 
tube  with  anhydrous  carbonate  of  soda  or  potassa  mixed  with  a  Utile 
chlorate  of  potassa.  Clear  a  unde  passage  from  end  to  end  by  a  few  gen- 
tle taps,  place  the  tube  in  a  combustion  furnace,  heat  tlie  anterior  pai-t 
to  redness,  and  then,  progressing  slowly  toward  the  posterior  part,  pi-o- 
ceed  to  surround  with  red-hot  charcoal  the  part  occupied  by  the  mix- 
ture. In  the  analysis  of  substances  abounding  in  carbon,  it  is  advisable  to 
introduce  into  the  posterior  part  of  the  tube  a  few  lumps  of  pui-e  chlorate 
of  potassa,  to  insure  complete  combustion  of  the  carbon,  and  jierfect 
conversion  into  sulphates  of  the  compounds  of  potassa  with  the  lower 
oxides  of  sulphur  that  may  have  formed.  The  sulphuric  acid  in  the  con- 
tents of  the  tube  is  determined  as  in  1. 


*  Supplemente  zum  Handworterbuch.  205. 

f  Sealed  and  rounded  at  the  end  like  a  teat  tube. 
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3.  Metliod  adapted  for  Hie  Analf/Hs  both  of  non-volatile  and  volatili 
Substances,  hut  more  especially  Oie  latter  (Debus*). 

Dissolve  1  eq.  (149  paxts)  of  bichromate  of  potassa  purified  by  recrys 
tallization,  and  2  eq.  of  carboiiate  of  soda  (106  parts)  in  water,  evapo 
rate  the  solution  to  dryness,  reduce  the  lemon-colored  saline  mass  (KO, 
OrOj-fNaO,  CrOj+NaO,  CO^)  to  powder,  heat  to  intense  redness  in  a 
Hessian  crucible,  and  transfer  still  hot  to  a  filling-tube  (fig.  75,  p. 
42G).t  When  the  powder  is  cold,  introduce  a  layer  of  it,  7 — 10  cm. 
long,  into  a  common  combustion  tube ;  then  introduce  the  substance,  and 
after  this  another  layer,  7 — 10  cm.  long,  of  the  powder.  Mix  inti- 
mately by  means  of  the  mixing  wire,  then  fill  the  still  imoccupied  part 
of  the  tube  with  the  saline  mixture,  and  apply  heat  as  in  an  ordinary 
ultimate  analysis.  When  the  entire  mass  is  heated  to  redness,  conduct 
a  slow  stream  of  dry  oxygen  gas  over  it  for  ^ — 1  hour.  When  cold, 
wipe  the  ash  ofiT  the  tube,  cut  the  latter  into  several  pieces  over  a  sheet 
of  paper,  and  treat  them  in  a  beaker  with  a  sufficient  quantity  of  water 
to  dissolve  the  saline  mass.  Add  hydrochloric  acid  in  tolerable  excess, 
then  some  alcohol,  and  apply  a  gentle  heat  until  the  solution  shows  a 
beautiful  green  color ;  filter  oft'  the  sesquioxide  of  chromium  produced 
by  the  combustion  (this  contains  sulphuric  acid) ;  wash  first  with  water 
containing  hydrochloric  acid,  then  with  alcohol,  dry,  and  transfer  to  a 
platinum  crucible;  add  the  filter-ash,  mix  with  1  part  of  chlorate 
and  2  parts  of  cai-bonate  of  potassa  (or  soda),  and  ignite  until  the  ses- 
quioxide of  chromium  is  completely  converted  into  alkaline  chromate. 
Dissolve  the  fused  mass  in  dilute  hydrochloric  acid,  and  reduce  by  heating 
with  alcohol ;  add  the  solution  to  the  fluid  filtered  from  the  sesquioxide 
of  chromium,  heat  the  mixture  to  boiling,  and  precipitate  the  sulphuric 
acid  with  chloride  of  barium.  Debus's  test-analyses  were  very  satis- 
feictory ;  thus  he  obtained  99*76  and  99*50  of  sulphur  for  100,  again 
30*2  of  sulphur  in  xanthogenamide  for  30*4,  &c. 

4.  Metlu>d  equaUy  adapted  for  the  Analysis  of  Solid  and  Xiquid 
Volatile  Compminds.     (W.  J.  Kussell;^  suggested  by  Bunsen.) 

'  Introduce  into  a  combustion  tube,  40  cm.  long,  sealed  at  the  posterior 
end,  first  2 — 3  grm.  pure  oxide  of  mercury,  then  a  mixture  of  equal 
parts  of  oxide  of  mercury  and  pure  anhydrous  carbonate  of  soda,  mixed 
with  the  substance,  and  fill  up  the  tube  with  carbonate  of  soda  mixed 
with  a  little  oxide  of  mercury.  Connect  the  open  end  of  the  tube  with 
a  gas  delivery  tube  dipping  under  water,  to  eftect  the  condensation  of  the 
mercurial  fumes.  Place  a  screen  in  front  of  the  part  of  the  tube  occu- 
pied by  the  substance,  then  heat  the  anterior  part  to  bright  redness,  and 
maintain  this  temperature  during  tlie  entire  process.  At  the  same 
time,  heat  another  portion  of  the  tube,  nearer  to  the  end,  but  not  to  the 
name  degree  of  intensity,  so  that  there  may  be  alternate  parts  in  the 
tube  in  which  the  oxide  of  mercury  is  left  undecomposed.     When  the 

*  AnnaL  d.  Ghem.  u.  PhamL  76,  90. 

^  The  saline  mass  mast  always  first  be  tested  for  salphar.      For  this  purpoM 
a  flmall  portion  of  it  is  reduced  with  hydrochloric  acid  and  alcohol,  chloride  of 
DBxium  added,  and  the  mixture  allowed  to  stand  12  hours  at  rest.    No  trace  of 
a  preoipitaie  should  be  disoemible. 

^  Quart  Joum.  Ohem.  Soo.  7,  213. 
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part  before  the  screen  is  at  bright  redness,  remove  the  screen,  hoat  the 

mixture  containing  the  substance,  regulating  the  application  of  heat 

so  as  to  insure  complete  decomposition  in  the  course  of  10 — 15  minutes, 

I  and  heat  at  the  same  time  the  still  unheated  pai-ts  of  the  tube,  and 

^  lastly  also  the  pure  oxide  of  mercury  at  the  extreme  end.     The  gas  must 

be  tested  from  time  to  time,  to  ascertain  whether  it  contains  free  oxygeii. 
Dissolve  the  contents  of  the  tube  in  water,  add  some  chloride  of  mer- 
cur}',  to  decompose  the  sulphide  of  sodium  which  may  have  formed, 
acidify  the  hydrochloric  acid,  oxidize  the  sulphide  of  mercury  which 
may  have  formed  with  chlorate  of  potassa,  and  finally  precipitate  the 
i  sulphuric  acid  with  chloride  of  barium.     W.  J.  Bussell  obtained  by 

f  this  method  very  satiiactory  results  in  the  analysis  of  pure  sulphur^ 

sulphocyanide  of  potassium,  and  bisulphide  of  carbon. 

b.  Method  in  the  Wet  Way* 

According  to  RivoT,  Beudant,  and  DAGUiN,f  the  sulphur  in  organic 

compounds  may  be  readily  determined  by  heating  with  pure  solution  of 

potassa,  adding  2  volumes  of  water  and  conducting  chlorine  into  the 

'  fluid.     When  the  oxidation  is  effected,  the  solution  is  acidified  and  freed 

I  from    the   excess  of  chlorine   by   application   of   heat,   then   filtered, 

and  the  filtrate  precipitated  by  chloride  of  barium.     Mr.  C.  J.  Merz, 
in  my  laboratory,  has  employed  both  this  method  and  v.  Liebiq^s  (o,  1) 
in  the  analysis  of  fine  horn  shavings.     The  process  appears  convenient 
I  and  exact.| 

Substances  leaving  an  ash  on  incineration,  and  which  may  therefore 
be  presumed  to  contain  sulphates,  are  boiled  with  hydrochloric  acid ; 
the  solution  obtained  is  filtered,  and  the  filtrate  tested  with  chloride  of 
barium.  If  a  precipitate  of  sulphate  of  baryta  forms,  the  sulphur  con- 
tained in  it  is  deducted  from  the  quantity  found  by  one  of  the  methods 
described  above;  the  difference  gives  the  quantity  of  the  sulphur  which 
the  analyzed  substance  contains  in  organic  combination. 

D.    Deterhination  of  Phosphohus  in  Organic  Compounds. 

§187. 

Mulder,  who  has  occupied  himself  much  with  the  determination 
of  phosphorus  in  organic  substances,  recommends  the  following  me- 
thod:— 

Dissolve  a  weighed  portion  of  the  substance  by  boiling  with  hydro- 
chloric acid;  filter,  if  necessary,  and  determine  the  phosphoric  acid 
which  the  fluid  may  contain,  by  Berthier^s  method  (§  134,  I.,  <^. 
Boil  another  weighed  portion  of  the  substance  with  nitric  acid,  k^» 
treat  the  fluid  in  the  same  way  as  the  hydrochloric  acid  solution.  If 
e  you  find  in  both  cases  the  same  percentage  of  phosphoric  acid,  the 

substance  contains  the  phosphorus  only  in  the  form  of  phosphoric 
acid ;  but  if  you  obtain  a  larger  proportion  of  acid  in  the  second 
experiment  than  in  the  first,  the  diiference  indicates  the  quantity 
of    phosphoric  acid    formed   by  the  action  of    the   nitric   acid   upon 

\*  For  the  excellent  procesBes  of  Carius,  see  Annat  d.  Chem  u.  Phazm.  114K| 

11] 

IComp.  rend.  87,  835 ;  Jonm.  f.  pmkt  Chem.  61,  185. 
Two  experiments  were  made  with  each  method,  on  horn  dried  at  100*. 
The  percentages  obtained  were  as  follows: — By  y.  Liebig^s  method,  3 '87 and 
8  '845 ;  by  the  present  method,  3  '31  and  8  33. 
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phosphorus  contained  in  the  analyzed  compound  in  the  unoxidized 
state. 

The  phosphorus  cannot  be  determined  by  incineration  of  the  sub- 
stance and  examination  of  the  ash.  Yitellin,  which,  when  treated  with 
nitric  acid,  gives  3  per  cent,  of  phosphoric  acid,  yields  barely  0*3  per 
cent,  of  ash  (v.  Baumhaiter). 

The  methods  described  in  §  186,  a,  1,  2,  4,  and  5,  may  also  be  em« 
ployed  to  determine  the  total  quantity  of  phosphorus  in  organic  sub- 
stances. 

K     Analysis  of   Oboanic    Substances  containing  Chlorine, 

Bromine,  or  Iodine. 

§  188. 

Substances  containing  JBromine  and  Iodine  cvre  analj/zed  generally/  in 
iht  same  mcmner  as  those  containing  Chlorine. 

Those  portions  of  the  following  §  whicli  are  enclosed  between  square 
brackets  refer  exdtisiveh/  to  cornbinations  of  Iodine  or  JBromine,  as  the 
case  may  be. 

The  combustion  of  organic  substances  containing  chlorine  with  oxide 
of  copper  gives  rise  to  the  formation  of  subchloride  of  copper,  which, 
were  the  process  conducted  in  the  usual  manner,  would  condense  in  the 
chloride  of  calcium  tube,  and  would  thus  vitiate  the  determination  of 
the  hydrogen.  This  and  every  other  eiTor  may  be  prevented  by  the 
employment  of  chromate  of  lead  (g  177).  The  chlorine  is,  in  that  case, 
converted  into  chloride  of  lead,  and  retained  in  that  form  in  the  com- 
bustion tube. 

If  the  combustion  is  effected  with  oxide  of  copper  in  a  current  of 
oxygen,  the  subchloride  of  copper  is  decomposed  by  the  oxygen,  oxide 
of  copper  and  free  chlorine  being  formed  ;  the  latter  is  retained  partly 
in  the  chloride  of  calcium  tube,  partly  in  the  potash  bulbs.  To 
remedy  this  defect,  Staedeler  *  proposes  to  fill  the  anterior  part  of  the 
tube  with  clean  copper  turpings ;  these  must  be  kept  red-hot  during  the 
combustion,  and  the  current  of  oxygen  must  be  arrested  the  moment 
they  begin  to  oxidize.  K,  Kraut  f  observes  with  reference  to  this  pro- 
cess that  it  is  well  to  place  a  roll  of  silver  foil,  about  5  inches  long,  in 
front  of  the  layer  of  metallic  copper.  In  the  absence  of  the  silver  the 
transmission  of  oxygen  has  to  be  conducted  with  caution,  in  order 
that  no  chlorine  may  be  expelled  from  the  subchloride  of  copper  first 
formed,  but  by  adopting  Kraut's  recommendation  we  may  continue 
passing  the  gas  without  fear  till  it  escapes  free  from  the  potash  tube. 
%  [In  the  case  of  substances  containing  iodine,  it  is  needless  to  employ  me- 
tallic copper  as  well  as  silver  foil.]  The  silver  may  be  used  over  and 
over  again,  but  at  last  requires  ignition  in  a  stream  of  hydrogen.  Ac- 
cording to  A.  Volcker,J  the  evolution  of  chlorine  may  be  prevented  by 
mixing  the  oxide  of  copper  with  J  oxide  of  lead. 

[In  the  analysis  of  bodies  containing  bromine  the  above  methods  do 
not  always  answer,  v.  Gorup-Besanez  ||  satisfied  himself  of  this  by 
analyzing  dibromobyrosin.  Whether  this  body  was  burnt  with  chro- 
mate of  lead,  with  a  mixture  of  chromate  of  lead  and  chromate  of  potash, 

I     . —        -  -  —     —  -  —  —         -     ^^— 

*  AnnaL  d.  Chem.  n.  Phann.  69,  83  >.     f  Zeitsohrif t  f.  analyt.  Chem.  2,  242. 
f  Chem.  Gaz.  1840,  245.  29.  |  Zeitachriftf.  analyt.  Chem.  1,  439. 
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with  oxide  of  copper  and  oxygen  and  an  anterior  layer  of  cbromato  of 
lead,  inith  an  anterior  layer  of  copper  turnings,  whether  mixed  or  is 
the  platinum  boat,  in  whichever  way  the  an^ysis  was  perfoi*med  tbe 
carbonic  add  always  came  out  several  per-cents  too  low,  bec&use 
metallic  bromide  was  formed,  which  fused  and  enclosed  carbon,  thereby 
preventing  its  oxidation.  The  following  process,  on  the  contrary, 
yielded  good  results : — Into  a  combustion  tube  drawn  out  to  a  long 
point,  introduce  first  a  three-incb  layer  of  oxide  of  copper,  then  a  plug 
of  asbestos,  then  a  mixture  of  the  substance  (finely  powdered)  with 
about  an  equal  weight  of  well-dried  oxide  of  lead  in  a  porcelain  boat ; 
again  a  plug  of  asbestos,  then  gi*anulated  oxide  of  copper,  then  chromate 

I  of  lead  or  copper  turnings.     First  heat  the  anterior  and  then  the  pos- 

terior layers  to  ignition,  and  warm  the  part,  where  the  boat  is,  very 
cautiously  and  gradually :  everything  combustible  distils  over,  arrives 

p  at  the  oxide  of  copper  in  the  form  of  vapor,  and  is  there  burnt.    In 

the  boat  nothing  remains  but  a  mixture  of  bromide  and  oxide  of  lead. 
Comi)lete  the  combustion  with  oxygen,  taking  care  not  to  heat  the  point 
where  the  boat  is  too  strongly,  nor  continue  the  transmission  of  oxygen 
longer  than  necessary.  Observe  also  that  no  bromide  of  copper  sub- 
limes into  the  chloride  of  calcium  tube.] 

[  As  regards  the  determination  of  the  cJdorine  itself^  this  is  usually 

efiected  either  (a)  by  igniting  the  substance  with  alkalies  or  alkaline 
earths,  by  which  process  all  the  chlorine  is  obtained  as  chloride,  or  (6) 
by  oxidizing  the  substance  with  nitric  acid,  <S:c.,  in  a  sealed  tube. 

a.  As  chlorine-free  lime  is  easily  obtainable  (by  burning  marble),  this 
body  is  usually  preferred  to  eft'ect  the  decomposition.  It  must  always 
be  tested  for  chlorine  previous  to  use. 

Introduce  into  a  combustion  tube,  about  40  cm.  long,  the  posterior 
end  of  which  is  sealed  and  rounded  like  a  test  tube,  a  layer  of  lime,  6 
cm.  long,  then  the  substance,  after  this  another  layer  of  lime,  6  cm. 
long,  and  mix  with  the  wire ;  fill  the  tube  almost  to  the  mouth  with 
lime,  clear  a  free  passage  for  the  evolved  gases  by  a  few  gentle  taps, 
and  apply  heat  in  the  usual  way.  Volatile  fiuids  are  introduced  into 
the  tube  in  small  glass  bulbs.  V/hen  the  decomposition  is  terminated, 
dissolve  in  dilute  nitric  acid,  and  preci2)itate  with  solution  of  uiti-ate  of 
silver  (§  141).  Kolbe  recommends  the  following  process  to  obtain 
tbe  contents  of  the  combustion  tube : — When  the  decomposition  is  com- 
j»leted,  remove  the  charcoal,  insert  a  cork  into  the  open  end  of  the  tube, 
remove  every  particle  of  ash,  and  immerse  the  tube,  still  hot,  with  the 
sealed  end  downwards,  into  a  beaker  filled  two-thirds  with  distilled 
water ;  the  tube  breaks  into  many  pieces,  and  the  contents  ai'e  then  more 
readily  acted  upon.  As  in  this  method  the  ignition  of  compounds  abound- 
ing in  nitrogen  may  be  attended  with  formation  of  cyanide  of  calcium  or 
cyanide  of  sodium,  the  separation  of  the  chloride  and  the  cyanide  of  sil- 
ver, if  required,  is  to  be  eflected  by  the  process  given  in  §  109,  6,  6 
(Neubauek  and  Kekner  *).  In  the  analysis  of  acid  organic  compounds 
containing  chlorine  (e.  g.^  chlorospiroylic  acid),  the  chloidne  may  often 
be  determined  in  a  simpler  manner,  viz.,  by  dissolving  the  substance 
under  examination  in  an  excess  of  dilute  solution  of  potassa,  evapora* 
ting  tti  dryness,  and  igniting  the  residue,  by  which  means  the  whole  of 
the  chlorine  present  is  converted  into  a  soluble  chloride  (Lowig). 

*  Annal   d.  Chem,  u.  Pharm,  101,  824,  344. 
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b.  In  more  readily  decomposable  compounds,  e,  g.y  in  the  substitution 
products  of  acids,  the  halogen  may  also  be  determined  by  decomposing 
the  substance  by  contact  during  several  hours  with  water  and  sodium 
amalgam,  acidifying  the  fluid  with  nitric  acid,  and  precipitating  with  sil- 
ver solution  (K£KUl£  '^), 


F.  Analysis  of  Organic  Compounds  containing  Inorganic  Bodies. 

§  189. 

In  the  analysis  of  organic  compounds  containing  inorganic  bodies,  it 
is,  of  course,  necessaiy  first  to  ascertain  the  quantity  of  the  latter  before 
proceeding  to  the  determination  of  the  carbon,  Ac,  as  otherwise  the 
amount  of  the  organic  body  whose  constituents  have  furnished  the  car- 
bonic acid,  water,  <fec.,  not  being  known,  it  would  be  impossible  to  esti- 
mate the  oxygen  from  the  loss. 

If  the  substances  in  question  are  salts  or  similar  compounds,  their 
bases  are  determined  by  the  methods  given  in  the  Fourth  Section  ;  but 
in  cases  where  the  inorganic  bodies  are  of  a  nature  to  be  regarded  moi*e 
or  less  as  impurities  («.^.,  the  ash  in  coal),  they  may  usually  be  deter- 
mined with  sufficient  accuracy  by  the  combustion  of  a  weighed  portion 
of  the  substance  in  an  obliquely  placed  platinum  cnicible,  or  in  a  plati- 
num dish.  In  the  analysis  of  substances  containing  fusible  salts,  even 
long-continued  ignition  will  often  fail  to  eflect  complete  combustion,  as 
the  carbon  is  protected  by  the  fused  salt  from  the  action  of  the  oxy- 
gen. In  such  cases,  the  best  way  to  effect  the  purpose  is  to  carbonize 
the  substance,  treat  the  mass  with  water,  and  incinerate  the  undissolved 
residue  ;  the  aqueous  solution  is,  of  course,  likewise  evaporated  to  dry- 
ness, and  the  weight  of  the  residue  added  to  that  of  the  ash. 

If  organic  compounds  whoso  ash  contains  potassa,  soda,  baryta,  lime, 
or  strontia,  are  burnt  with  oxide  of  copper,  part  of  the  carbonic  acid 
evolved  remains  combined  with  the  bases.  As,  in  many  cases,  the  amount 
of  carbonic  acid  thus  retained  is  not  constant,  and  the  results  are,  more- 
over, more  accurate  if  the  whole  amount  of  the  carbon  is  expelled  and 
weighed  as  carbonic  acid,  the  combustion  is  effected  with  chi ornate  of 
lead,  with  addition  of  ^  of  bichromate  of  potassa,  according  to  the  di- 
rections given  in  §  177.  Accurate  expeiiments  have  shown  that  in  this 
case  not  a  trace  of  carbonic  acid  remains  with  the  bases. 

Xf  the  substance  is  weighed  in  a  porcelain  or  platinum  boat,  and  the 
cortfbustion  is  effected  according  to  §  178,  the  ash,  carbon,  and  hydrogen 
may  be  determined  in  one  portion.  The  amount  of  carbonic  acid  con- 
tained in  the  ash  is  added  to  that  found  by  the  process  of  combustion ; 
if  the  carbonic  acid  in  the  ash  cannot  be  calculated,  as  in  the  case  of  car- 
bonates of  the  alkalies,  it  may  be  determined  by  means  of  fused  borax 
(§  139,  II.,c). 

In  burning  substances  containing  mercury,  the  arrival  of  any  of  the 
metal  at  the  chloride  of  calcium  tube  may  be  prevented  by  having  a  layer 
of  copper- turnings  in  the  anterior  part  of  the  combustion  tulie,  and  by 
act  allowing  the  foremost  portion  to  get  too  hot. 


«  Jahresb.  v.  Kopp.  u.  Will  1801,  832. 
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II L  Dbtermination  op  thk  Equivalent  op  Organic  Compounds. 

The  methods  of  determining  the  equivalent  of  organic  compounds  dif- 
fer essentially  according  to  the  properties  of  the  various  compounds. 
There  are  three  general  methods  in  use  for  this  purpose,  which  I  will 
proceed  to  describe. 

• 

§  190. 

1.  Wis  ascertain  the  amount  of  a  £ody  of  known  Equivalents  which 
forms  a  welt-chwacterized  Compovmd  toitli  tlie  Substance  whose  JSquiva- 
lent  is  to  be  determined. 

This  method  is  pursued  in  determining  the  equivalent  of  the  organic 
acids  and  organic  bases,  and  of  many  indi^Terent  bodies  possessed  of  the 
property  of  combining  with  bases  or  acids.  We  occupy  ourselves  here 
simply  with  the  process ;  the  mode  of  calculating  the  equivalent  from 
the  results  obtained  will  be  found  under  '^  The  Calculation  of  Analy- 
ses." 

a.  The  equivalent  of  organic  acids  is,  in  most  cases,  determined  from 
the  silver  salt,  because  the  analysis  of  this  is  very  simple,  and  there  i« 
almost  always  the  positive  certainty  that  the  analy/^  salt  is  not  a  basic 
or  hydrated  compound.  Other  salts  also  are,  however,  frequently  used 
for  tie  same  purpose,  particularly  those  of  lead,  baryta,  and  lime.  (In 
the  analysis  of  the  lead  salts,  especial  care  must  be  taken  not  to  mistake 
basic  for  neutral,  nor  in  the  analysis  of  the  baryta  and  lime  salts,  hy- 
drated  for  anhydrous  salts.)  For  the  manner  in  which  the  determina- 
tion of  the  bases  in  question  is  eliected,  I  refer  to  Section  IV. 

6.  The  equivalent  of  organic  bases  forming  well-^rystallizable  salts 
with  sulphuric,  hydi-ochloric,  or  any  other  easily  determined  acid,  is  best 
ascertained  by  estimating,  by  the  usual  methods,  the  acid  contained  in 
a  weighed  amount  of  the  salt. 

If  the  salts  do  not  crystallize,  a  known  quantity  of  the  dry  alkaloid  is 

(after  v.  Liebig)  introduced  into  a  drying  tube 
(fig.  95),  which  is  then  accumtely  weighed  with 
its  contents ;  a  slow  current  of  dry  hydrochloric 
acid  gas  is  transmitted  through  the  apparatus  for 
some  time ;  the  tube  ultimately  heated  to  100° 
(see  p.  38,  fig.  21),  and  a  stream  of  atmospheric  air 
_.    "-  transmitted  through  it ;  the  quantity  of  the  hy- 

^*      '  drochloric  acid  absorbed  is  found  from  the  increase 

in  the  weight  of  the  tube.  The  accuracy  of  the  results  may  be  controlled 
by  dissolving  the  hydrochlorate  in  water,  and  precipitating  the  chlofine 
from  the  solution  by  nitrate  of  silver.  The  equivalent  of  the  alkaloids 
may  be  determined  also  from  the  insoluble  double  salts  produced  by  pre- 
cipitating the  solution  of  theii*  hydrochlorates  with  bichloride  of  plati- 
num ;  the  double  chlorides  thus  produced  are  cautiously  ignited  (§  124), 
and  the  residuary  platinum  weighed. 

c.  In  the  case  of  indifferent  bodies,  there  is  usually  no  choice  about 
tiie  matter,  and  we  have  to  determine  the  equivalent  from  the  lead  comr 
pound  ;  since  many  of  these  substances  either  altogether  refuse  to  enter 
into  combination  with  other  bases  besides  lead,  or  only  form  with  them 
compounds  which  cannot  be  obtained  in  a  state  of  purity.  Although  the 
determination  of  the  equivalent  of  an  indifierent  body  from  the  compound 
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which  the  latter  forms  with  lead  is  liable  to  leave  the  matter  in  doubt^ 
as  the  oxide  of  lead  will  often  combine  with  such  substances  in  varying 
proportions,  yet  the  analysis  of  such  compounds  is  always  interesting  in 
this — that  we  learn  by  it  whether  the  organic  body  combines  with  the 
oxide  of  lead  without  alteration,  or  gives  up  water  upon  entering  into 
combination. 

Organic  substances  will  also  occasionally  form  with  water  solid  and 
crystallizable  compounds,  by  the  analysis  of  which  the  equivalent  of  thu 
orgamc  body  may  be  determmed. 

§  191. 

2.  7%6  Specific  Gravity  of  the  Vapor  of  the  Compon/nd  is  deter- 
mined. 

Of  the  numerous  methods  which  have  been  proposed  for  the  accom- 
plishment of  this  object,  I  shall  describe  only  those  two  which  are  more 
frequently  employed  in  laboratories  as  the  simplest  and  most  suitable. 
In  all  determinations  of  vapor  densities  it  is  necessaiy  that  the  tempera- 
ture at  which  they  are  made  should  be  sufficiently  raised  (at  least  30—40*' 
above  the  boiling  point  of  the  substances),  so  that  the  vapor  may  pos- 
sess the  coefficient  of  expansion  of  the  gases.  The  extreme  importance 
of  this  rule  is  evident  from  the  fact  that  at  temperatures  only  slightly 
above  the  boiling  point  higher  densities  are  found,  the  densities  decreas- 
ing with  the  increase  of  temperature,  and  becoming  constant  only  after 
a  certain  point. 

A.  Process  op  Dumas. 

The  following  are  the  outlines  of  this  method  : — A  light  glass  globe, 
filled  with  dry  air,  and  the  exact  capacity  of  which  is  afterwards  ascer- 
tained, is  accurately  weighed ;  the  weight  of  the  air  in  the  globe  is  cal- 
culated at  the  temperature  and  atmospheric  pressure  observed  during 
the  process  of  weighing,  and  the  result  subtracted  from  the  first  weight : 
the  difference  expresses  the  weight  of  the  exhausted  vessel.  A  more 
than  sufficient  qiiantity  of  the  substance,  the  density  of  the  vapor  of 
which  it  is  intended  to  determine,  is  then  introduced  into  the  globe,  and 
exposed  to  a  uniform  temperature  sufficiently  above  the  boiling  point 
of  the  substance,  until  the  latter  is  completely  converted  into  vapor, 
and  the  excess  exj>elled,  together  with  the  atmospheric  air  originally 
contained  in  the  globe ;  the  vessel  is  then  sealed  aii'-tight,  and  weighed. 
The  difference  between  the  weight  found  and  that  of  the  exhausted 
globe,  expresses  the  weight  of  a  given  volume  of  the  vapor ;  supplying 
thus  the  necessary  data  for  calculating  its  specific  gravity. 

Xt  is  hardly  necessary  to  remark  that  the  volume  of  the  air  and  the 
vapor  must  be  reduced  to  the  same  pressure  and  temperature,  and  con- 
sequently that  the  state  of  the  barometer  and  thermometer  must  be 
noted  both  duriug  the  first  weighing  and  at  the  time  of  sealing  the  glass 
globe. 

This  method  is  of  course  applicable  only  to  substances  which  volatilize 
without  suffering  decomposition.  To  obtain  accurate  results,  it  is  indis- 
peiusable  that  the  substance  be  perfectly  pure. 

I  will  now  proceed  to  describe  the  process  ;  for  the  manner  of  correct- 
ing and  calculating  the  results,  and  inferring  from  them  the  composition 
of  the  bodies  examined,  I  refer  to  §  204. 
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(1.  Apparatus  and  other  JiequintM, 

1.  The  Substance. — From  6  to  8  grammes  are  requirod.  The  boiling 
point  must  be  pretty  accurately  known. 

2,  A  LIGHT  Glass  Globe  with  drawn-out  Neck. 

An  ordinary  globe  of  pure  glass  is  selected,  free  from  flaws  and  holding 
from  250  to  500  c.  c. ;  it  is  carefully  rinsed  with  water,  and  then  thoroughly 
dried.  After  this,  it  is  completely  exhausted,  dry  air  readmitted  into  it, 
and  the  same  operation  repeated.  The  neck  of  the  globe  is  then  softened 
near  the  bulb,  and  drawn  out  in  the  shape  represented  in  fig.  96. 

The  extreme  point  is  cut  off,  and  the  edges  slightly 
rounded  over  the  spirit-lamp.  (This  point  having  to  be 
sealed  air-tight  with  the  greatest  despatch,  at  a  subse- 
quent stage  of  the  process,  it  is  advisable  to  ascertain,  Id 
file  firat  place,  whether  the  glass  of  the  globe  is  readily 
fusible  or  not ;  this  may  be  done  by  trying  to  sei^  the 
point  on  the  original  neck  of  the  balloon ;  should  thia 
present  any  difficulty,  the  globe  is  unfit  for  the  intended 
purpose.) 

Pig  9^^  3.  A  small  Iron  or  Copper  Vessel  for  the  reception 

of  the  fluid  in  which  the  globe  is  to  be  heated  (see  ^g. 
97).  The  fluid  which  is  to  serve  as  bath  must  admit  of  being  heated  to  at 
least  30 — 40°  beyond  the  boiling  point  of  the  substance  under  examina- 
tion. Oil  will  answer  the  purpose  in  nearly  all  cases  where  a  tempera- 
ture higher  than  tliat  of  boiling  water  is  required ;  however,  a  chloride  of 
calcium  bath — if  its  temperature,  which  in  a  perfectly  saturated  bath  may 
be  raised  to  180°,  is  sufficiently  high  for  the  purpose — is  more  convenient 
than  an  oil-bath,  as  the  globe  may  be  moi*e  easily  cleaned. 

4.  An  Apparatus  to  keep  the  Globe  in  Position. — ^This  may  be 
leadily  made  with  a  handle  and  some  iron  ^ire.  During  the  operation, 
it  is  attached  to  a  retort-stand  (see  fig.  97). 

5.  A  quantity  of  Mercury  more  than  suflicient  to  fill  the  globe. 

6.  A  graduated  Tube  of  about  100  c.  c.  capacity. 

7.  A  Gas-  or  Spirit-lamp  and  Blowpipe. 

8.  A  correct  Barometer. 

9.  A  correct  Thermometer,  capable  of  indicating  the  highest  degree  of 
heat  the  case  under  examination  may  require. 

h,  TJie  Process. 

a.  Weigh  the  globe,  placing  a  thermometer  inside  the  case  of  the 
balance.  Leave  the  globe  for  ten  minutes  on  the  scale,  to  ascertain 
whether  its  weight  remains  constant.  If  so,  the  weight  is  noted,  together 
with  the  height  of  the  barometer,  and  the  temperature  indicated  by  the 
thermometer  inside  the  case. 

/?.  Heat  the  globe  gently,  and  dip  the  point  deep  into  about  8  grm.  of 
the  substance,  which,  if  solid,  must  have  been  liquefied  by  the  application 
of  a  gentle  heat.  (If  the  substance  under  examination  has  a  high  fusing 
point,  the  neck  and  point  of  the  globe  likewise  req\iire  heating,  to  guard 
against  the  fluid  solidifying  too  soon.)  When  the  globe  has  cooled— 
which,  in  the  case  of  very  volatile  substances,  is  to  be  accelerated  by  drc»p- 
ping  ether  upon  it — the  fluid  enters  and  spreads  in  it.  Do  not  introduce 
more  than  5 — 7  grm- 
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y.  Heat  the  coatente  of  tlia  Teasel  3  to  from  40  to  50°,  and  immerae 
the  globe  by  means  of  the  apparatiuj  4,  and  also  a  thermometer,  in  ths 
bath,  as  ahowo  va  fig.  97. 

Kaise  the  temperature  of  the 
bath  to  between  30  and  40" 
above  the  boiling  point  of  the 
mibstance,*  As  soon  as  the  tem- 
perature in  the  globe  ia  some- 
what higher  than  the  boiling 
point  of  iJie  subatance,  the  vapor 
of  the  latter  rushes  out  through 
the  orifice  of  the  neck  ;  the  force 
of  the  current  increases  at  first 
with  the  temperature  of  the  bath, 
but    diminishes    afterwards    by  1^ 

degrees,  and  finally  (after  about 
15  minutes)  cesses  altogether. 
Should  any  of  the  vapor  have 

oondent^  into  drops  in  the  point  F*&  •"■ 

of  the  neck   projecting   out  of 

the  bath,  these  inay  be  at  once  reconverted  into  vapor,  by  moving  a  piecfl 
of  red-hot  charcoal  to  and  fio  under  it.  The  moment  that  a  perfect 
equilibrium  is  fully  established  at  the  desired  temperature,  seal  the  point 
of  the  globe,  by  means  of  a  spirit-lamp  and  blowpipCj  and  note  immediato- 
ly  after  the  height  of  the  thermometer.  To  ascertain  whether  or  uot  the 
point  is  hermetically  sealed,  you  need  simply  direct  a  cuiTent  of  aiv 
through  the  blowpipe  upon  the  projecting  point  of  the  neck  :  if  the  tube 
is  closed  hermetically,  a  small  portion  of  the  vapor  condenses,  forming  a 
column  of  fluid,  which  ia  retained  in  the  end  of  the  lube  by  capillary 
attraction ;  this  is  not  observed  if  the  tube  is  not  hermetically  scaled. 
The  height  of  the  barometer  also  is  noted  again,  if  it  has  changed  since 
tiie  first  observation. 

J.  Remove  the  seated  globe  from  the  bath,  allow  to  cool,  wash  most 
carefully,  wipe  perfectly  dry,  an<l  weigh  again  in  the  same  manner  as 

I.  Immei'se  the  pointed  end  of  the  globe  in  its  entire  lenglh  in  mercury, 
•cratch  a  maik  with  a  file  near  the  end,  and  break  off  the  |)oi]it ;  whei-e- 
npon  the  mercury  will  ini  mod  lately  rush  into  the  globi^  a  vacuum  having 
been  created  in  it  by  tlie  condensation  of  the  vapor.  (In  this  oj>eration, 
place  the  glass  globe  in  the  hollow  of  your  hand,  and  rest  the  latter  upon 
tiie  edge  of  the  mercurial  trough.)  If  the  globe,  at  the  moment  of  seal- 
ing, was  perfectly  free  from  air,  it  will  fill  completely  with  mercury ; 
otherwise,  an  air-bubble  will  remain  in  it.  In  either  case  ti-s.nsfer  the 
mercury  from  the  globe  to  the  graduated  tube  (6),  and  measnreaccurately; 
if  there  was  air  in  the  globe  at  the  moment  of  sealing  it,  fill  it  now  with 
water,  and  measure  also  the  volume  of  the  tatter  liquid :  the  difierence 
between  the  volume  of  the  mercury  and  that  of  the  water  shows  the 
volume  of  the  air  wliich  had  remained  in  the  globe. 

This  method,  if  properly  executed,  gives  nearly  accurate  results ;  for 
the  manner  of  catciilating  the  latter,  I  refer  to  §  201. 

»  If  a  chloride  of  cftlcinm  or  oilbath  is  used,  yon  mnHt  endeavor  to  maintain 
a  nidfoTm  temperature  towards  the  end  of  the  process,  whioh  may  be  easilj 
affected  \!3  pTopeilj  legnlatiiig  the  heat. 
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•  B.  Phocess  op  GAY-LnEKAC. 

WHlst  by  the  method  of  Dumab  the  weight  of  the  amount  of  BubBtuiee 
is  detenniued,  which  jieldu  under  definite  circiiniBtaiices  a,  known  voluinr 
of  vapor,  by  Gav-Lvssac's  method  is  determined  the  volume  of  Tapoi 
yielded  under  definite  eircumstances  by  a  previously  weighed  amount  ot 
substance.  The  origins!  procMs  has  been  judiciously  modified  by  H. 
ScRiFF.*  The  appamtuB  is  excessively  simple,  but  can  only  he  employed 
for  temperatures  under  200°, — it  is  especmlly  suited  for  temperature* 
under  lOO". 

Thn  cytuider  a  (fig.  98),  vhioh  is  destined  to  measure  the  volume  of 
Uie  vftpor,  is  30 — 35  cm.  high  and 
about  2  cm.  wide ;  k  is  provided 
with  a  millimetre  scale,  extending 
to  the  open  end ;  atablewticfamust 
previously  be  drawn  up,  shows  the 
c.  c.  corresponding  to  the  marks  (p. 
19).  The  out«r  cylinder  I  is  about 
40  cm.  high,  and  broad  in  jwopor- 
tion.  Theheight  ofthe  latterin^M 
inside  must  be  accurately  known  in 
mm.  The  handle  c,  which  is  filled 
with  lead,  embraees  the  closed  end 
of  the  mettsuring  tube  by  means  ot 
four  Bpriugs.  The  weight  of  this 
handle  must  suffice  to  depress  th^ 
tube  when  filled  with  vai>or,  and 
must  therefore  he  about  130  grm.. 
if  the  above  dimeuBions  are  strictly 
adhered  to.  The  handle  bears  a 
lateral  hook,  on  which  the  thermo- 
meter is  hung. 

A  layer  of  mercury ,  about  1 5  mm 
high,  is  first  ])ut  into  th«  out«r 
cylinder  (.  Themeasuriugcylinder 
is  perfectly  filled  with  mercury, acd 
inverted  in  a  shallow  mercurial 
trough.  A  weighed  quantity  of  th" 
fluid  to  be  vaporired  in  a  bulb  of 
thin  glass  (fig.  99)  is  now  placed 
p  j_   Jig  underneath  the  opening  of  the  meib- 

Huring  cylinder,  and  allowed  to  as- 
cend ;  the  eyUnder  a  ie  then  transported  to  b,  with  the  aid  of  ■ 
A  long-handled  iron  spoon,  of  the  same  form  as  is  in  gener^  use 

(^        for  comhustiouB  in  oxygen, 

St'  The  burnting  of  the  bulb  and  the  formation  of  vapor  ara 

next  brought  about  by  filling  the  outer  cylinder  b  oautiondy 

Pig.  99.    and  up  to  the  top  with  a  hot  fiuid.     Acoording  to  the  boiling 

point  of  the  substance  we  use  for  this  purpose  either  boiling 

water,  or  some  saline  solution,  preferably  dilute  glycerine  or  a  solutioB 

of  chloride  of  calcium  in  dilute  glycerine.     The  specific  gravity  of  the 

hottiuidis  tobedet«rminc<l  ina  suitable  manner  (according to  H,  Sunrr, 

■  Zeitscbritt  1.  aoalyt.  Chem.  1,  820. 
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bj  means  of  an  areometer).  The  outer  cylinder  stands  on  a  btrong 
low  tripod  in  a  small  glass  trough ;  the  latter  serves  to  receive  the  fluid^ 
which  is  ejected  by  the  vapor  as  it  foims ;  it  is,  moreover,  filled  nearly  np 
to  the  level  of  the  mercury  in  the  outer  cylinder  with  the  hot  fluid,  in 
order  that  the  mercury  may  be  raised  to  the  same  tempeititure.  After  a 
few  minutes  the  rate  of  cooling  will  have  become  so  much  slower  that  the 
volume  of  the  vapor  may  be  considered  stationary.  Finally,  the  pres- 
sure and  temperature  are  noted,  also  the  height  of  the  mercury  in  the 
measuring  tube,  and  in  the  outer  cylinder  (the  latter  being  read  off  on  the 
scale  of  the  measuring  tube). 

C.  The  determination  of  the  vapor  densities  of  bodies  of  high  boiling 
points  is  made  after  the  method  of  Deville  and  Troost,*  for  a  description 
of  which  I  must  refer  the  reader  to  the  original  memoii*. 

§  192. 

3.  A  great  many  indifferent  organic  bodies  absolutely  refuse  to  combine 
with  bases  or  acids ;  or  only  form  with  them  compounds,  from  which  the 
equivalent  of  the  organic  body  cannot  well  be  determined.  The  equiva- 
lent of  such  substance  is  deternuned  by  producing  by  the  action  of  acids, 
bases,  halogens,  <kc.,  upon  the  body  under  examiuation,  new  compounds 
of  known  or  ascertainable  equivalents.  Or,  lastly,  the  equivalent  is  in- 
ferred from  the  manner  in  which  the  compound  in  question  has  been 
formed.  In  cases  of  this  description,  that  equivalent  is  assumed  to  be  the 
correct  one  which  permits  the  most  simple  explanation  of  the  processes 
of  formation  and  decomposition. 

This  mode  of  determining  the  equivalent  of  substances  is  intimately 
connected  with  the  higher  branches  of  organic  chemistry,  and  cannot  he 
considered  in  detail  here,  as  it  is  impossible  to  give  imivei*8ally  appli- 
cable methods. 

*  Ooinpt  Bend.  49,  239;  AnnaL  d.  Cham.  u.  Pharm.  113,  48. 
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CALCULATION  OF  ANALYSES. 

The  calculation  of  the  results  obtained  by  an  analysis  presuppcBes, 
as  an  iudisi>ensable  preliminary,  a  knowledge  of  the  general  laws  of  the 
combining  proportions  of  bodies,  on  the  one  hand,  and  of  the  more  Am- 
pie  rules  of  arithmetic  on  the  other.  It  is  a  great  error  to  suppose  that 
the  ability  to  make  chemical  calculations  involves  an  extensive  acqnain- 
tance  with  mathematics,  a  knowledge  of  decimal  fractions  and  simple 
equations  being  for  the  most  part  sufficient.  These  remarks  are  not  in- 
tended to  dissuade  students  of  chemistry  from  pursuing  the  highly  im- 
portant study  of  mathematics ;  but  merely  to  encourage  those  who  have 
had  no  opportxmity  of  entering  more  deeply  into  this  science,  and  who, 
as  experience  has  shown  me,  are  often  afraid  to  venture  upon  chemical 
calculations.  For  this  reason,  I  have  made  the  whole  of  the  calculations 
given  in  the  following  paragraphs,  in  the  most  intelligible  manner  pos- 
sible, and  without  logarithms. 

I.  Calculation  of  Uie  ConstUiient  sought  from  tits  Compound  obtained 
in  Uie  Analytical  jProcesSy  and  exhibition  of  the  JResvlt  in  jPer-cenls, 

§  193. 

The  bodies  the  weight  of  which  it  is  intended  to  determine,  are  sepa- 
rated, as  we  have  seen  in  Division  1.,  treating  of  the  "  Execution  of 
Analysis,"  either  in  the  fi-ee  state,  or — and  this  most  frequently — m  com- 
binations of  known  comjwsition.  The  results  are  usually  calciilateil 
upon  100  paints  of  the  examined  substance,  since  this  gives  a  clearer  and 
more  intelligible  view  of  the  composition.  In  cases  where  the  sevei-al 
constitAieiits  liave  been  separated  in  the  fi-ee  state,  the  calculation  may 
be  made  at  once ;  but  if  the  constituents  have  been  separated  in  com- 
bination with  other  substances,  they  must  tirst  be  calculated  from  the 
compounds  obtained. 

1,    Ccdculatioii  of  tlie  Mesults  into  JPer-cents  by  Weighty  in  Casei 
wliere  tlve  Substance  sought  has  been  s^arated  in  the  Free  State, 

a.  Solid  JBodies^  Zdquids,  and  Gases^  which  Jiave  been  detet' 
mined  by  Weight, 

§  194. 

The  calculation  here  is  exceedingly  simple. 

Suppose  you  have  analyzed  subchloride  of  mercury,  and  separated  the 
mercury  in  the  metallic  state  (§  118,  1).  2*945  grm.  subchloride  of  mei^ 
cury  have  given  say  2*499  grm.  metallic  mercury. 
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2-945  :  2-499  ::  100  :  a? 
X  =  84-85, 

'wliich  means  that  your  analysis  shows  100  parts  of  subchloride  of  mer 
cury  to  contain  84'85  of  mercury,  and  consequently  15*15  of  chlorine. 

Now  as  the  subchloiide  of  merciiry  is  known  to  consist  of  2  eq.  mer- 
cury and  1  eq.  chlorine,  and  as  the  equivalent  numhers  of  both  these 
elements  are  also  known,  the  true  percentage  composition  of  the  bod^f 
may  be  i-eadily  calculated  from  these  data.  When  analyzing  substances 
of  known  composition  for  practice,  the  results  theoi-etically  calculated 
and  those  obtained  by  the  analysis  are  usually  placed  in  juxtaposition,  as 
this  enables  the  student  at  once  to  perceive  the  d^ree  of  accuracy  with 
which  the  analysis  has  been  performed. 

Thus  for  instance — 

Found.  Calculated  (compare  g  84,  5). 

Mercury 84-85 84*94 

Chlorine 15-15 15-06 


100-00  100-00 


6.    Gases  which  Ivave  been  determined  by  Measure, 

§  195. 

If  a  gas  has  been  determined  by  measure,  it  is,  of  course,  necessary 
first  to  ascertain  the  weight  corresponding  to  the  volume  found,  before 
the  percentage  by  weight  can  be  calculated. 

But  as  the  exact  weights  of  a  definite  volume  of  the  vaiioTis  gases  have 
been  severally  determined  by  accurate  experiments,  this  calculation  also 
is  a  simple  rule-of-three  question,  if  the  gas  may  be  measured  under  the 
same  circumstances  to  which  the  known  relation  of  weight  to  volimie  i*e- 
fers.     The  circumstances  to  be  taken  into  consideration  here,  are : 

Temperature  and  Atmospheric  JPresswe. 
Besides  these,  the 

Tensi<m  of  the  Aqueous  Vapor 

may  also  claim  consideration  in  cases  where  water  is  used  as  the  confin- 
ing fluid,  or  generally  where  the  gas  has  been  measured  in  the  moist 
state. 

The  respective  weights  assigned  in  Table  V.*  to  1  litre  of  the  gases 
there  enumerated,  refer  to  a  temperature  of  0°,  and  an  atmosphvrric  i)res- 
sure  of  0-76  metre  of  mercury.  We  have,  therefore,  in  the  tii-st  place, 
to  consider  the  manner  in  which  volumes  of  gas  measui*ed  at  unother 
temperature  and  another  height  of  the  barometer,  are  to  be  reduced  to 
0°  and  0-76  of  the  barometer. 

a,  jReduction  of  a  Volume  of  Gas  of  any  given  Temperatwre  to  0°, 
or  any  otlier  Temperature  between  0°  and  100°. 

The  following  propositions  regarding  the  expansion  of  gases  were  for- 
merly universally  adopted :  — 

1.  All  gases  expand  alike  for  an  equal  increase  of  temperature. 

2.  Tlie  expansion  of  one  and  the  same  gas  for  each  degree  of  the  ther- 
mometer is  independent  of  its  original  density. 

*  See  Tables  at  the  end  of  the  volume. 
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Although  the  correctuess  of  these  propositions  has  not  been  fully 
confirmed  by  the  minute  investigations  of  Magnus  and  Regnault,  jet 
they  may  be  safely  followed  in  reductions  of  the  tempemture  of  iiioM 
gases  which  ai'e  most  frequently  measured  in  the  oourse  of  analytical 
processes,  as  the  coefficients  of  expansion  of  these  gases  scarcely  difier 
from  each  other,  and  as  there  is  never  any  very  considerable  differ- 
ence in  the  atmospheric  pressure  under  which  the  gases  are  severally 
measured. 

The  investigations  just  alluded  to  hftve  given 

0-3666 

as  the  coefficient  of  the  expansion  of  gases  which  comes  nearest  to  tlie 
truth ;    in   other  words,  as  the  extent   to  which  gases  expand  when 
lieated  from  the  freezing  to  the  boiling  point  of  water.     They  expand 
therefore,  for  every  degree  of  the  centigrade  thermometer, 

2:?^^0-003665, 
100 

If  we  wish  to  ascertain  how  much  space  1  c.  c.  of  gas  at  0^  will  occupj 
at  lO"*,  we  find 

1 X  [14- (10  x0-003666)]  =  1-03665. 

If  we  wish  to  ascertain  how  much  space  100  c.  c.  at  0^  will  occupy 
»t  10°,  we  find 

100  xLl  + (10x0-003665)] 
=  100  X  1-03666 -~  103-665. 

If  we  wish  to  know  how  much  space  1  c.  c.  at  10®  will  occupy  at  0% 

we  find 

1 
* -_  0*955 

H-(  10x0-003666) 
How  much  space  do  103-666  c.  c.  at  10**  occupy  at  O*'  ? 

103-665 


1  + (10x0-003666) 


=  100. 


The  general  rule  of  these  calculations  may  be  expressed  as  follows  : — 
To  calculate  the  volume  of  a  gas  from  a  lower  to  a  higher  temper- 
ature, we  have  in  the  first  place  to  find  the  expansion  for  the  volume 
unit,  which  is  done  by  adding  to  1  the  product  of  the  multiplication  of 
the  thermometrical  difference  by  0*003666  ;  and  then  to  multiply  this 
by  the  number  of  volume  units  found  in  the  analytical  process.  On  the 
other  hand,  to  reduce  the  volume  of  a  gas  from  a  higher  to  a  lower  tem- 
perature, we  have  to  divide  the  number  of  volume  units  found  in  the 
analytical  process,  by  1  +  the  product  of  the  multiplication  of  the  ther- 
mometrical difierence  by  0*003665, 

/S.  Reduction  of  the  Volume  of  a  Gas  of  a  certain  given  Density  to 
•76  MeVte  JSarometric  Preeswre^  or  any  other  given  Pressure, 

According  to  the  law  of  Mariotte,  the  volume  of  a  gas  is  inversely 
as  the  pressure  to  which  it  is  exposed ;  in  accordance  with  this,  a  gaa 
occupies  the  greater  space  the  less  the  pressure  upon  it,  and  the  less 
space  the  greater  the  pi-essure  upon  it. 

Thus,  supposing  a  gas  to  occupy  a  space  of  10  c.  c  at  a  pressure  of 
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1   atmosphere,  it  will  occupy  1  c.  c.  at  a  pressure  sf  10  ittnospheres, 
ai:d  lOOe.  c.  at  a  pressure  of  -j^  atmosphere. 

Nothing,  therefore,  can  be  more  easy  than  the  reduction  of  a  gas  of 
a  certain  given  tension  to  760  mm.  bar.  pressure,  or  any  other  giren 
pressure,  e,g,^  1000  mm.,  which  is  frequently  used  in  the  analysis  of 


Supposing  a  gas  to  occupy  100  c.  c.  at  780  mm.  bar.^  how  much 
space  will  it  occupy  at  760  mm.  ? 

760:  780::  100:  a? 
a?  =  102-63. 

How  much  space  will  100  c.  c.  at  750  mm.  bar.  occupy  at  760  mm.  ? 

760:  750::  100:  a: 
aj= 98-68. 

How  much  space  will  150  c.  c.  at  760  mm.  bar.  occtipy  at  1000  mm.  ? 

1000:  760::  150:  a? 
a:=114. 

y,  Meduciion  of  tlie  Volume  of  a  Gai  satu/rcUed  vntli  AqueoTM  Vapor ^ 
to  it$  actual  Volume  in  ili^  Ih^y  State. 

It  is  a  well-known  fact  that  water  has  a  tendency,  at  aJl  temper- 
atures, to  assume  the  gaseous  state.  The  degree  of  this  tendency  (the  ten- 
sion of  the  aqutjous  vapor) — which  is  dependent  solely  and  exclusively  up- 
on the  temperature,  and  not  upon  the  circumstance  of  the  water  being  %n 
vacuo  or  in  any  gaseous  atmosphere — is  usually  expressed  by  the  height 
of  a  column  of  mercury  counterbalancing  it.  The  following  table  indi* 
cates  the  amount  of  tension  for  the  various  temperatures  at  whic^  an- 
alyses are  likely  to  be  made.* 

TABLE. 


Tennion  of  the   ; 

? 

Tension  of  the 

Temperature 

aqueous  vapor 

Temperature 

aqueous  vapor 

(in  degrees  C.) 

expresBedia 

(in  degrees  0.) 

expressed  m 
mjiliinetres. 

mUlixnetres. 

0 

4-525 

21 

18  505 

1 

4-887 

22 

19-675 

2 

6  231 

28 

20-909 

3 

5-619 

24 

22-211 

4 

6  032 

25 

23  582 

6 

6-471 

26 

25  026 

6 

6-939 

27 

26-547 

7 

7-436 

28 

28-148 

8 

7-964 

29 

29-832 

9 

8-525 

30 

31 -(502 

10 

912a 

81 

83-464 

11 

9-761 

33 

85-419 

12 

10-421 

83 

37-473 

18 

11-130 

84 

89-630 

14 

11-882 

85 

41-893 

15 

12-677 

86 

44-268 

16 

18  519 

87 

46-758 

17 

14-409 

38 

i9  368 

18 

15-351 

89 

52  103 

19 

16-345 

40 

54-969 

20 

17-396 

1 

Compare  Magnus,  Pogg.  Anual.  61,  247. 
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fherefore,  if  a  gas  is  confined  over  water,  its  volume  is,  catena  paribuB, 
always  greater  than  if  it  were  confined  over  mercury ;  since  a  quantity  ot 
aqueous  vapor,  proportional  to  the  temperature  of  the  water,  mixes  with 
the  gas,  and  the  tension  of  this  partly  coujiterbalanoes  the  column  of  air 
that  presses  upon  the  gas,  and  to  that  extent  neutralizes  the  pressure, 
To  ascertain  the  actual  pressure  upon  the  gas,  we  must  therefore  sub- 
tract from  the  apparent  pressure  so  much  as  is  neutralized^  by  the  ten- 
sion of  the  aqueous  vapor. 

Suppose  we  had  found  a  gas  to  measure  100  c.  c.  at  759  mm.  bar., 
the  temperature  of  the  confining  water  being  15°;  how  much  space 
would  tliis  volume  of  gas  occupy  in  the  dry  state  and  at  760  mm.  of  the 
barometer  ? 

Our  tabic  gives  the  tension  of  aqueous  vapor  at  16°  =  12*677;  the  gas 
is  consequently  not  under  the  apparent  pressure  of  759  mm.,  but  under 
the  actual  pi-essure  of  759  -  12-677  =  746*323  mm. 

The  calculation  is  now  very  simple ;  it  proceeds  in  the  manner  shown 
in  /3 ;  we  say, 

760:  746-323::  100  :« 
X  =  98-20. 

When  the  volume  of  a  gas  has  thus  been  adjusted  by  the  calculations 
in  a  and  /S,  or  y,  to  the  thermometrical  and  barometrical  conditions  to 
which  the  data  of  Table  V.  refer,  the  percentage  by  weight  may  now  be 
readily  calculated  by  substituting  the  weight  for  the  volume,  and  pro- 
ceeding by  simple  rule  of  three. 

What  is  the  percentage  by  weight  of  nitrogen  in  an  analyzed  sub- 
stance, of  which  0*5  grm.  have  yielded  30  c.  c.  of  di-y  nitrogen  gas  at 
0°,  and  760  mm.  bar.  ? 

In  Table  V.  we  find  that  1  litre  (1000  c.  c.)  of  nitrogen  gas  at  0°,  and 
760  mm.  bar.,  weighs  1-25456  grm. 

We  say  accordingly : 

1000:  1-25456::  30  :» 
X  =  00376. 

Ajid  then: 

0-5  :  0-0376::  100  :x 

X  =  7-52. 

The  analyzed  substance  contains  consequently  7*52  per  cent,  by 
weight  of  nitrogen. 

2.  Ccdcufation  of  the  Results  into  Per-eents  hy  WeiglU,  in  Cases 
where  iJve  JBody  sought  has  been  separated  in  Combination^  or  wlkere  a 
Compound  /«m  to  be  determitied  from  one  of  its  Constituents, 

§  196. 

If  the  body  to  be  determined  has  not  been  weighed  or  measured  in 
its  own  form,  but  in  some  other  form,  e,g,y  carbonic  acid  as  carbonate 
of  lime,  sulphur  as  sulphate  of  baryta,  ammonia  as  nitrogen,  chlorine  by 
a  standard  solution  of  iodine,  &c.,  its  q^iantity  must  first  be  reckoned 
from  that  of  the  compound  found  before  the  calculation  described  in  1 
can  be  made. 

This  may  be  accomplished  either  by  rule  of  three  or  by  some  abridged 
method. 

Suppose  we  have  weighed  hydrogen  in  the  form  of  water,  and  have 
found  1  grm.  of  water;  how  much  hydrogen  does  this  contain  ? 
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Ad  equivalent  of  water  consists  of: 

1  of  hydrogen 

8  of  oxygen 

9  water. 
We  say  accordingly : 

y  I  L  II  L  »  OS 

a;=011111. 
Prom  the  alx)ve  proportion  results  the  following  equation : 

1     , 

3r  0-11111  xl=aj. 

Or,  expressed  in  general  terms : 

Water  X  O'lllll  ^JSt/drogen. 

Example. — 

517  of  water ;  how  much  hydrogen  ? 
517x0-lllll=67'444. 

The  following  equation  results  also  from  the  above  propoi-tion : 

9  1 


1 

X 

1 

9 

*^" 

X 

I 

X 

^ 

_ 

9 

Or,  expressed  in  general  terms. 

Water  divided  6y  9  =  JSydrogen. 

Example. — 

517  of  water,  how  much  hydrogen  ^ 

517 

— =57-444. 

In  this  manner  we  may  find  for  every  compound  constant  numbers  by 
which  to  multiply  or  divide  the  weight  of  the  compound,  in  order  to 
find  the  weight  of  the  constituent  sought  (comp.  Table  III.*). 

Thus,  for  instance,  the  nitrogen  may  be  obtained  from  the  double 
bichloride  of  platinum  and  chloride  of  ammonium,  by  dividing  the 
weight  of  the  latter  by  15*96,  or  multiplying  it  by  0-06209 ;  thus  the 
carbon  may  be  calculated  from  the  carbonic  acid  by  multiplying  the 
weight  of  the  latter  by  02727,  or  dividing  it  by  3*666. 

'fiiese  numbers  are  by  no  means  so  simple,  convenient,  and  easy  to 
remember  as  in  the  case  of  hydrogen.  It  is  therefore  advisable,  in  the 
case  of  carbonic  acid,  for  instance,  to  fix  upon  another  general  expre»- 
don,  viz., 

Carho7icacidx3^ (7ar6(m  : 
11  ' 


^>*f-M 


*  See  Tables  at  the  end  of  the  volninaw 
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wliicli  is  derived  from  the  proportion 

22  :  6  : :  the  carbonic  acid  found  :  x. 

The  object  in  view  may  also  be  attained  in  a  very  simple  manner,  hy 
reference  to  table  lY.,*  which  gives  the  amount  of  the  constituent  sought 
for  every  number  of  the  compound  found,  from  1  to  9 ;  the  operator 
need,  therefore,  simply  add  the  several  values  together. 

As  regards  hydrogen,  for  instance,  we  find : — 

TABLR 


Found. 

WAtwr 

1 

Souffht. 

njdrofMi 

1 
oiiiit 

s 

9 

0'33933 

4 
0*44444 

6 
O«fi0M 

e 

0  00007 

7 
0-7TT78 

0 
0*08880 

9 

itmooo 

From  this  table  it  is  seen  that  1  part  of  water  contains  0*1 1111  ofTiy- 
drogen,  that  5  parts  of  water  contain  0*56555  of  hydrogen ;  9  parts, 
1-00000,  Ac. 

Now  if  we  wish  to  know,  for  instance,  how  much  hydrogen  is  con- 
tained in  5*17  parts  of  water,  we  find  this  by  adding  the  values  for  5 
parts,  for  j\  part,  and  for  j^j^  parts,  thus : — 

0-55555 

0011111 

0-0077778 

0*5744388 

Why  the  numbers  are  to  be  placed  in  this  manner,  and  not  as  fol- 
lows :— 

0*55555 
0*11111 
0-77778 

1-44444 

is  self-evident,  since  arranging  them  in  tlie  latter  way  would  be  adding 
the  value  for  5,  for  1.  and  for  7  (5  +  1  -f  7  =  13)  and  not  for  6*17. 
This  I'eflection  sliows  also  tliat,  to  find  the  amount  of  hydtx)gen  contained 
in  517  parts  of  water,  the  jioints  must  be  transposed  as  follows : — 

55-555 
1*1111 
0-77778 


57-44388 


3.   Cofctdution  of  lite  Results  of  Indirect  Analyses  into  Per-  Cents 

§  197^ 

The  import  of  the  term  "  indirect  analf/sie^'^^  as  defined  in  §  151,  p.  337, 
shows  sufficiently  that  no  universally  applicable  rules  can  be  laid  down 
for  the  calculations  which  have  to  be  made  in  indirect  analvses.  The 
selection  of  the  right  way  must  be  left  in  every  special  case  to  the  intelU- 

gence  of  the  analyst.     1  will  here  give  the  mode  of  calculating  the  re* 

— — ^— -  —  -  -  — ~  ■-  •—   i»  •^^>— "^ 

*  B99  Tables  at  the  end  of  the  volume. 
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sitltB  in  the  more  important  indirect  separations  described  in  Section  Y* 
They  maj  serve  as  examples  for  other  similar  calculations. 

CL  Indirect  DetermincUian  of  Soda  and  JPotassct, 

This  is  effected  by  determining  the  sum  total  of  the  chlorides,  and  the 
chlorine  contained  in  them. 

The  calculation  may  be  made  as  follows : 

Suppose  we  have  found  3  grm.  of  chloride  of  sodium  and  chloride  of 
potassium,  and  in  these  3  grm.  1*6888  of  chlorine. 

£q.  Chlorine.  Eq.  K  CL  Chlorine  found. 

36-46  :        74-57      ::       1-6888 :  a 

X         =      3-5514. 

If  all  the  chlorine  present  were  combined  with  potassium,  the  i^eight 
of  the  chloride  would  amount  to  3-5514.  As  the  chloride  weighs  less, 
chloride  of  sodium  is  present,  and  this  in  a  quantity  proportional  to  the 
difference  (t.e.,  3-5514 — 3=0'5514),  which  is  calculated  as  follows: — 

The  difference  between  the  equivalent  of  K  01  and  that  of  Na  CI 
(16*11)  isto  the  equivalent  of  Na  CI  (58*46),  as  the  difference  found  is 
to  the  chloride  of  sodium  present : — 

16-ll:58-46::0-5514:a 
aj=2NaCl 
and  3-2=1  K  CI. 

From  this  the  following  short  rule  is  derived  : — 

Mtdtiply  the  quantity  of  chlorine  in  the  mixture  by  2*1029,  deduct 
from  the  product  the  sum  of  the  chlorides,  and  multiply  the  i-emainder 
by  3*6288 ;  the  product  expresses  the  quantity  of  chloride  of  sodium 
contained  in  the  mixed  chloride. 

The  calculation  may  also  be  made  by  help  of  the  subjoined  formula 

(COLUEB*). 

W=weight  of  mixed  chlorides 

C=     "         "chlorine. 

Na  Cl=  C  X  7-6311)-  (W  x  3-6288] 

K  C1=(W  X  4-6288)  -  (C  X  7-631  r 

Na  0=(C  X  4-0466)  -  (W  x  1-9243^ 

K  0=(W  X  2-9243)  -  (C  x  4-8210; 

6.  Indirect  Determination  of  Strontia  and  Lime, 

This  may  be  effected  by  determining  the  sum  total  of  the  carbonates, 
and  the  carbonic  add  contained  in  them  (§  154,  7).  Suppose  we  have 
found  2  grm.  of  mixed  carbonate,  and  in  these  2  grm.  0-7383  of  carbonic 

acid. 

Eq.  C  Os  Eq.  SiO,  C  Oi  C  Oa  found. 

22         :  73-75  ::         0-7383 :  a 

X  =        2-47498. 

If,  therefore,  the  whole  of  the  carbonic  acid  were  combined  with 
strontia,  the  weight  of  the  carbonate  would  amount  to  2-47498  gi-nu 
The  deficiency ,=0-47498  is  proportional  to  the  cai-bonate  of  lime  pre- 
lent,  which  is  calculated  as  follows : — 

The  difierence  between  the  equivalent  of  Sr  0,0  0,,  and  the  equiva- 

*Ani.  Joor.  Sd,  Mnroh,  1864,  p.  846. 
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lent  of  Ca  O,  C  O,  (2375)  is  to  the  equivalent  of  Ca  O,  C  O,  (50),  as 
the  difference  found  is  to  the  carbonate  of  lime  contained  in  the  mixed 
salt: — 

23-75  :  50 : :  0-47498  :  x 
I. 


The  mixtiire,  therefore,  consists  of  1  gnn.  carbonate  of  lime  and  1 
grm.  carbonate  of  8tix>ntia. 

From  this  the  following  short  rule  is  derived ; — 

Multiply  the  carbonic  acid  found  bj  3*3523,  deduct  from  the  product 
the  sum  of  the  carbonates,  and  multiply  the  difference  by  2*10526  ;  the 
product  expresses  the  quantity  of  the  carbonate  of  lime. 

c.  Indirect  Determination  of  Cldorine  ofnd  Bromine  (§  1Q9, 1). 

Let  us  suppose  the  mixture  of  chloride  and  bromide  of  silver  to  have, 
weighed  2  grm.,  and  the  diminution  of  weight  consequent  upon  the 
transmission  of  chlorine  to  have  amounted  to  O'l  grm.  How  much 
chlorine  is  there  in  the  mixed  salt,  and  how  much  bromine  ? 

The  decrease  of  weight  here  is  simply  the  diflerence  between  the 
weight  of  the  bromide  of  silver  originally  present,  and  that  of  the  chlo- 
ride of  silver  which  has  replaced  it ;  if  this  is  borne  in  mind,  it  is  easy 
to  understand  the  calculation  which  follows : — 

The  difference  between  the  equivalents  of  bromide  of  silver  and  chlo- 
ride of  silver  is  to  the  equivalent  of  bromide  of  silver  as  the  ascertained 
decrease  of  weight  is  to  a?,  i,e,^  to  the  bromide  of  silver  originally  pr»- 
ent  in  the  mixture : —  »• 

44-54:  187-97::  0-1  :x 
aj==0-422025. 

The  2  grm.  of  the  mixture  therefore  contained  0*422025  grm.  bromide 
of  silver,  and  consequently  2-0-422025=1-577975  gnn.  chloride  of 
silver. 

It  i*esults  from  the  above,  that  we  need  simply  multiply  the  ascer- 
tained decrease  of  weight  by 

187-97^>^    ^    4-22026 
44-54  ^ 

to  find  the  amount  of  bromide  of  silver  originally  present  in  the  ana- 
lyzed mixture.  And  if  we  know  this,  we  also  know  of  course  the 
amount  of  the  chloride  of  silver ;  and  from  these  data  we  deduce  the 
quantities  of  chlorine  and  bromine,  as  directed  in  §  196,  and  the  per- 
centages as  directed  in  §  193. 

SUPPIJEMENT  TO   I. 

BWMARKS   OK  LOSS  AJSU>    EXCESS   IN  ANALYSES^  .Ain>   OK  TAKIKu    fSK 

AVERAGE. 

§  id8. 

If,  In  the  analysis  of  a  substance,  one  of  the  constituents  is  estimaiied 
from  the  loss,  or,  in  other  words,  by  subtracting  from  the  original 
weight  of  the  analyzed  substance  the  ascertained  united  weight  of  the 
other  constituents,  it  is  evident  that  in  the  subsequent  percentage  calm* 
lation  the  sum  total  must  invariably  be  100.     Eveiy  loss  suSered  v 
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excess  obtained  in  the  determination  of  t)ie  several  constituents  will, 
of  course,  fisJl  exclusively  upon  the  one  constituent  which  is  estimated 
from  the  loss.  Hence  estimations  of  this  kind  cannot  be  considered 
accurate^  unless  the  other  constituents  have  been  determined  by  good 
methods,  and  with  the  greatest  care.  The  accuracy  of  the  results  will, 
of  course,  be  the  greater,  the  less  the  number  of  constituents  determined 
in  the  direct  way. 

If,  on  the  other  hand,  every  constituent  of  the  analyzed  compound 
has  been  determined  separately,  it  is  obvious  that,  were  the  results  ab- 
solutely accurate,  the  united  weight  of  the  several  constituents  must  be 
exactly  equal  to  the  original  weight  of  the  analyzed  substance.  Since, 
however,  as  we  have  seen  in  6  96,  certain  inaccuracies  attach  to  every 
analysiB,  without  exception,  toe  sum  total  of  the  results  in  the  percen- 
tage calculation  will  sometimes  exceed,  and  sometimes  fall  short  of, 
100. 

In  all  cases  of  this  description,  the  only  proper  way  is  to  give  the 
results  as  actually  found. 

Thus,  for  instance,  Pelouze  found,  in  his  analysis  of  chromato  of 
chloride  of  potassium, 

Potassium  21*88 

Chlorine  19-41 

Chromic  acid      58*21 


99-50 

Berzelius,  in  his  analysis  of  sesquioxide  of  xiranium  and  potassa^ 

Potassa  12-8 

Sesquioxide  of  uranium      86*8 


99*6 


Plattker,  in  his  analysis  of  pyrrhotine. 

Of  Fahlon.  Of  Braaa 
Iron        59*72  59*64 

Sulphur  40-22  40-43 


99-94  100-07 

It  is  altogether  inadmiHsible  to  distribute  any  chance  deficiency  or  ex- 
cess proportionately  among  the  several  constituents  of  the  analyzed  com- 
pound, as  sucli  deficiency  or  excess  of  course  never  arises  from  the 
several  estimations  in  the  same  measure  ;  moreover,  such  "  doctoring" 
of  the  analysis  deprives  other  chemis''^  of  the  power  of  judging  of  its 
accuracy.  No  one  need  be  ashamed  to  confess  having  obtained  some- 
what too  little  or  somewhat  too  much  in  an  anal^'sis,  provided,  of  course, 
the  deficiency  or  excess  be  confined  within  certain  limits,  which  difier 
in  different  analyses,  and  which  the  experienced  chemist  always  knows 
how  to  fix  properly. 

In  cases  where  an  analysis  has  been  made  twice,  or  several  times,  it 
is  usual  to  take  the  mean  as  the  most  correct  result.  It  is  obvious  that 
an  average  of  the  kind  deserves  the  gi'eater  oonfidcace  the  less  the  re- 
sults of  Uie  several  analyses  difier.  The  results  of  the  sevei-al  analyses 
must,  however,  also  be  given,  or,  at  all  events,  the  maximum  and 
minimiun. 
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Since  the  accuracy  of  an  analjsiu  is  not  dependent  npon  the  quantity 
of  substance  employed  (provided  always  this  quantity  be  not  altogethei 
too  small),  the  average  of  the  results  of  several  analyses  is  to  be  taken 
quite  independently  of  the  quantities  used ;  in  other  words^  you  muFt 
not  add  together  the  quantities  used,  on  the  one  hand,  and  the  weights 
obtained  in  the  several  analyses  on  the  other,  and  deduce  £rom  these 
data  the  percentage  amount ;  but  you  must  calculate  the  latter  from 
the  results  of  each  analysis  separately,  and  then  take  the  mean  of  the 
numbers  so  obtained. 

Suppose  a  substance,  which  we  will  call  AB,  contains  fiffcy  per  cent. 
of  A ;  and  suppose  two  analyses  of  this  substance  have  given  the  follow- 
ing results : 

1)     2  grm.  AB  gave  0*99  grm.  of  A. 
[2)     50 ''  "     24-00  ** 


ii 


From  1,  it  results  that  AB  contains  49*50  per  cent,  of  A. 
a     2,  "  «  48-00         ** 


Total 97-50 

Mean 48-75 

It  would  be  quite  erroneous  to  say 

2  +  50=52  of  AB  gave  0-99 +24-00 =24-99  of  A, 

therefore  100  of  AB  contain  48*06  of  A ; 

for  it  will  be  readily  seen  that  this  way  of  calculating  destroys  neariy 
altogether  the  influence  of  the  more  accurate  analysis  (1)  upon  the  aver- 
age, on  account  of  the  proportionally  small  amount  of  substance  used. 

II.   DeBUCTIOK  of  EhPIBICAL  FOBMULiB. 

§  199. 

If  the  percentage  composition  of  a  substance  is  known,  a  so-called  em- 
pirical formula  may  be  deduced  from  this ;  in  other  words,  the  relative 
proportion  of  the  several  constituents  may  be  expressed  in  equivalento— 
in  a  formula  which,  upon  recalculation  in  per-cents  will  give  numbei-s 
corresponding  perfectly,  or  nearly,  with  those  obtained  by  the  analysis. 
We  are  compelled  to  confine  ourselves  to  the  expression  of  empirical  for- 
mulas, in  the  case  of  all  substances  of  which  we  cannot  determine  the 
equivalent,  as  e.(/.,  woody  fibre,  mixed  substances,  &c. 

The  method  of  deducing  empirical  foi-mulee  is  very  simple,  and  will  be 
readily  understood  from  the  following  reflections  : — 

How  should  we  proceed  to  find  the  relative  number  of  equivalents  in 
carbonic  acid? 

We  should  say: — 

The  equivalent  of  the  oxygen  is  to  the  amount  of  oxygen  in  the  eqtii- 
valent  of  carbonic  acid,  as  1  is  to  a;,  t.6.,  to  the  number  of  equivalents  of 
oxygen  contained  in  carbonic  acid ; 

8:16::l:a5 

05=2. 

In  the  same  manner  we  should  find  the  number  of  equivalents  of  cur* 
bon  by  the  following  proportion : — 
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6  :  6  ::        1        :        « 

(equivalent  of  carbon)  (carbon  in  one  equivalent 

of  carbonic  acid) 

Now  let  us  suppose  we  did  not  know  the  equivalent  of  carbonic  acid, 
but  simply  its  percentage  composition,  viz., 

27-273  carbon 
72*727  oxygen 


100*000  carbonic  acid ; 

the  relative  proportion  of  the  equivalents  might  still  be  ascertained,  even 
though  any  other  given  number,  say  100,  be  selected  for  the  equivalent 
of  carbonic  acid.  Let  us  suppose  we  adopt  100  as  the  equivalent  of  car- 
bonic add ;  thus, 

8  :  72-727  : :  1  :  a? 

(Eq.  O)  (Amount  of  oxygen  in  the 

assumed  eq.  100) 
aj=9-0910 

6  :  27-273  ::  l:x 

(Eq.  0)  (Amount  of  carbon  in  the 

assumed  eq.  100) 
a;=4-5455. 

We  see  here  that  although  the  nvmfihera  which  express  the  relative 
proportion  of  the  equivalents  of  oxygen  and  carbon  have  changed,  yet 
the  reUUive  proportion  itself  remains  ^e  same ;  since 

4-5455:  9-0910::  1:2. 

The  process  may  accordingly  be  expressed  in  general  terms  as  fol- 
lows: 

Assume  any  number,  say  100  (because  this  is  the  most  convenient), 
as  the  equivalent  of  the  compound,  and  ascertain  how  often  the  equiva* 
lent  of  each  constituent  severally  is  contained  in  the  amount  of  the  same 
constituent  present  in  100  parts.  When  you  have  thus  found  the  num- 
bers expressing  the  relative  proportion  of  the  equivalents,  you  have 
attained  your  purpose— viz.,  the  deduction  of  an  empirical  formula. 
Still,  it  is  usual  to  reduce  the  numbers  found  to  the  simplest  expres- 
sion. 

Now  let  us  take  a  somewhat  complicated  case,  0.^.,  the  deduction  of 
the  empirical  formula  for  mannite. 

The  percentage  composition  of  mannite  is 

39-56  of  carbon 

7-69  of  hydrogen 
52*75  of  oxygen 


100-00 


This  gi^es  the  following  proportions : 

6:  39-56 ::1  :  »  »=  6-593 

1:    7-69::l:«  «= 7-690 

8:  52-75 ::1  :«  «= 6^693 
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We  have  now  the  empirical  formula  for  mamiite,  tIz., 

^e-MB  Ht-WO  ^«-8fl8 

A  glance  shows  that  the  number  of  the  equivalents  of  the  carbon  i« 
equal  to  that  of  the  equivalents  of  the  oxygen  ;  and  the  question  is  now 
whether  the  relative  proportion  found  may  not  be  expressed  by  smaller 
UTimbers. 

A  simple  calculation  suffices  to  answer  this  question,  viz, 

6-593:  7-690::  60  ix 

(Any  other  number  might  be  substituted  for  60,  as  the  third  term  of 
the  proportion,  but  60  is  very  suitable,  since  it  is  divisible  without  re- 
mainder by  most  of  the  numbers.) 

a;=70 
We  have  accordingly  now  the  simple  formula, 

C«    H«    088= Ce    H,    Oj. 

The  percentage  composition  of  mannite  given  above  having  been  cal- 
culated from  the  formula,  of  course  the  latter  is  evolved  again  without 
ambiguity.     Now  let  us  take  the  results  of  an  actual  analysis. 

Oppermakk  obtained,  upon  the  combustion  of  1-593  gnn.  mannite, 
with  oxide  of  copper,  2*296  carbonic  acid  and  1'106  water.  This  givei 
in  per-cents, 

39-31  carbon 

7-71  hydrogen 
52-98  oxygen 


100-00 
which,  calculated  as  above,  gives 

as  the  first  expression  of  the  empirical  formula ;   and  by  the  propoi> 
tion: 

6-552  :  7-710«:6  :  « 
a:::  7-06 

A  gliince  at  these  numbers  shows  that  7*06  may  be  properly  ex- 
changed for  7,  and  also  that  the  difference  between  6*552  and  6*622  is 
so  trifling  that  both  may  be  expressed  by  the  same  number.  These 
considerations  lead  thei-efore  likewise  to  the  formula 

Oe     H,     Oe 

The  proof  whether  the  formula  is  correct  or  not  is  obtained  by  its  re- 
calculation in  per-cents.  The  less  the  calculated  percentage  difiersfrom 
that  found,  the  more  reason  there  is  to  believe  in  the  correctness  of 
the  formula.  If  the  difference  is  more  consid^able  than  can  be  account- 
ed for  by  the  defects  inherent  in  the  methods,  thei-e  is  every  reason  to 
believe  the  formula  fallacious,  in  which  case  it  is  necessary  to  establisb 
\  more  correct  one ;  for  it  will  be  readily  seen  that,  in  the  case  of  sub- 
stances of  which  the  equivalent  is  not  known,  different  formulae  may  be 
deducedi  from  one  and  the  same  analysis,,  or  from  several  very  nearlj 
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conesponding  analyses ;  since  the  num'bers  found  &^  nerer  absolutely 
oorrecty  but  only  approximate. 


Calculated 

• 

Fqund 

for 

for 

0, 

39-56 

c. 

39-67 

39-31 

H, 

7-69 

H. 

7-44 

7-71 

Oa 

52-76 

• 

0, 

52-89 

52-98 

100*00  100-00  100-00 

III.   Deductiok  of  Bational  Formula. 

§  200. 

If  both  tbe  percentage  composition  and  the  equivalent  of  a  substance 
are  known,  it  is  easy  to  deduce  its  rational  formula — that  is,  a  formula 
expressing  not  only  the  reladve  proportion  of  the  equiyalents,  but  also 
their  absolute  number. 

The  following  examples  may  serve  for  illustration : — 

1.  Deduction  of  the  JRational  Formvla  of  Hyposulphuric  Acid, 

Analysis  has  given,  in  the  first  place,  the  percentage  composition  of 
hyposulphuric  acid,  and,  in  the  second  place,  the  percentage  composi- 
tion of  hyposulphate  of  potassa,  viz., 

Sulphur 44-44     Potassa      .     .     .     .     .     39-551 

Oxygen 55*56     Hyposulphuric  acid       .     60-449 

Hyposulphuric  acid  •     100.00     Hyposulphate  of  potassa  100*000 

(Equivalent  of  potassa=47-ll) 
Nov: 

39-551  :  60-449 : :  47-11  :  x  a^72 

Hence  72  is  the  sum  of  the  equivalents  of  the  constituents  contained 
in  hyposulphuric  acid — ^in  other  terms,  the  equivalent  of  hyposulphuric 
acid. 

Having  thus  ascertained  the  correct  equivalent  of  hyposulphuric  acid, 
it  is  unnecessary  to  assume  a  hypothetical  one,  as  we  are  obliged  to  do 
in  the  case  of  mannite. 

Thus  we  may  state  at  once : 

100  :  44-44 ::  72  :  «  05=32; 

i!.e.=ithe  sum  of  the  equivalents  of  the  sulphur ;  and  again: 

100  :  55-56::  72  :x  a?=40; 

».0.=the  sum  of  the  equivalents  of  the  oxygen. 

Now  the  equivalent  of  sulphur,  t.6.  16,  is  contained  twice  in  32  ;  and 
the  equivalent  of  oxygen,  i,e,  8,  is  contained  live  times  in  40 ;  the  ra- 
tional formula  for  hyposulphuric  acid  is  accordingly, 

S,05. 

3«  Dedit^siiKm  of  the  JRatumal  JFormula  of  Benzoic  Acid. 

STENH0t7Sis  obtained  from  0*3807  hydrated  benzoic  acid,  dried  at  100*, 
0-9575  carbonic  acid  ard  0*1698  water. 


472  CALCULATION  OF  AKALYBE8.  [§  SOO. 

0-4287  benzoate  of  silver,  dried  at  100",  gave  0*202  silver.    Froa 
these  numbers  result  the  following  percentage  compositions : — 

Carbon 68*67     Oxide  of  silver    .    .    .    50-67 

Hydrogen       •     •     •     •       4*95     Benzoic  acid  •     .     •     •     49-.^3 
Oxygen 26*38 


Benzoate  of  silver   .     .  100*00 


Hydrated  benzoic  acid  100*00 

(Equivalent  of  the  oxide  of  silver=l  15*97) 

50*67  :  49*33 : :  115*97  :  x  »=112-904 


i,e,  the  equivalent  of  anhydrous  benzoic  acid ;  that  of  the  hydrated  add 
accordingly=112-904+9=121*904  ;  we  say  therefore  now 

100  :  68*67  : :  121*904  :  x  aj=83*711 

100  :    4*95  : :  121*904  :  x  «=  6*035 

100  :  26*38 : :  121*904  :  x  a=32*158 

6  is  contained  in  83*711         13*95  times 
1  "  6-035  6-03     " 

8  "  32*158  4*02     « 

A  glance  at  these  quotients  suffices  to  show  that  13*95  may  be  ex- 
changed for  14,  6*03  for  6,  and  4*02  for  4.  The  rational  formula  for 
the  hydrate  of  benzoic  acid  is  accordingly, 

ci*  h;,  o,. 

This  gives,  by  calculation,  The  numbers  found  were, 
C  68-85  68*67 

H    4-92  4*95 

O  26-23  26*38 


100-00  100-00 

3.  Deduction  of  the  Hational  Formula  of  Theme, 

Stenhouse's  analysis  of  theine,  free  from  water  of  crystallization, 
gave  the  following  results : — 

1.  0.285  grm.  substance  gave  0*5125  carbonic  acid  and  0*132  water. 

2.  Combustion  with  oxide  of  copper  gave  a  mixture  of  CO^^  and  N,  in 
the  proportion  of  4  of  the  former  to  1  of  the  latter. 

3.  0-5828  grm.  of  the  double  salt  of  hydrochiorate  of  theine  andbi- 
ddoride  of  platinum,  gave  0-143  platinum. 

From  these  numbers  results  the  following  p^centage  composition:— 


Carbon     .     , 

.     49*05 

Hydrogen 

.       5*14 

Nitrogen  . 

.     28-61 

Oxygen    . 

.     17-20 

100-00 

and  196-91  as  the  equivalent  of  theine.  For  there  is  every  reason  to 
suppose  that  the  composition  of  the  double  salt  of  hydrochiorate  ol 
tLeine  and  biphloride  of  platinum  is 

Theine  +.  H  CI  +  Pt  Olg 


1 
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The  ei][uivalent  o    tiiis  double  salt  is  found  by  the  following  propoiv 
tion; 

0-143 :  0-5828 : :  98-94  (eq.  platinum) :  x  a:=403-23 ; 

and  consequently  the  equivalent  of  theine,  by  subtracting  from  403*23 
the  sum  of  1  eq.  bichloride  of  platinum  (169-86)  and  1  eq.  hydrochloric 
add  (36-46) 

403-23-(169-86  x  36-46)=196-91. 
This  supplies  the  following  proportions : — 


100:  49-05::  196-91  :x 

a?=96-584 

100:    5-14::  196-91:  a 

aj=  10-121 

100:  28-61::  196-91  :» 

a;=56-336 

100:  17-20::  196-91  :x 

a;=33-868 

6  is  contained  in  96-584, 

16-09  times 

1             «              10-121, 

10-12      " 

14             "              56-336, 

4-02      " 

8            «              33-868, 

4-23       « 

for  which  numbers  may  be  substituted,  '. 

16,  10,  4,  and  4,  respectiyeiy, 

and  we  get  the  following  formula : 

Ci8  Hio  N4  O4 

^ 

This  gives  by  calculation, 

Found 

C  49-47 

49-05 

H    515 

5-14 

N  28-89 

28-61 

0  16-49 

17-20 

100-00  100-00 

The  double  hydrochlorate  of  theine  and  bichloride  of  platinum  gives 
)  latinum  in  100  parts. 

Calculated*  Found. 

24-70  24-53 

4.  Special  Method  of  Dedudng  JRcUianal  JFbrmtdcBfar  Oxyyen  Salts, 

a,  Tnthe  c(ue  of  Compoimds  eoTUainingno  Taomorphous  ConatUuents. 

The  rational  formulsB  for  oxygen  salts  may  be  deduced  also  by  a  me- 
thod different  ficom  the  foregoing,  viz.,  by  ascertaining  the  ratio  which 
the  respective  quantities  of  oxygen  bear  to  each  other.  This  method  is 
exceedingly  simple. 

In  an  analysiB  of  crystallized  sulphate  of  soda  and  ammonia,  I  found, 

Soda    ....  17-93 

Oxide  of  anmionium     •  15-23 

Sulphtiric  acid      •         .  46-00 

Water           .        .  20-84 


100-00 


n  of  KaO  contain    8  of  0,  consequently  17*93  of  NaO  contain  4*68  of  0. 

96..NH«0  ..        8..0,                         15-88. .NH«0    ..      4-68.. O. 

40.. 80,  ..      24.. O,             ..          46-00.. SO,       ..    27-60.. O. 

9. .HO  ..        8..0,             ..          90-84..  HO       ..    18-52..  O. 
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Now 
4-63  :  4-68  :  27-60  :  18-52  =  1  :  1-01  :  5-97  :  4-00  =1:1:6:4^ 

and  tibis  leads  to  the  formula 

NaOjNH^O,  2S03X4HO 
or,  Na  O,  S  Og+N  H|  O,  S  08+4  aq. 

b.  In  the  caee  of  Compounds  containing  laomorphxms  Constituents, 

It  is  a  welMcnown  fact  that  isomorphoiis  constituents  may  replace 
each  other  in  all  proportions;  therefore,  in  establishing  a  formula  for 
compounds  containing  isomorphous  constituents,  the  latter  are  taken 
collectively  /  thafc  is,  thej  are  expressed  in  the  formula  as  one  and  the 
same  body.  This  veiy  frequently  occurs  in  the  calculation  of  formulis 
for  minerals. 

A.  EftDliAHK  found  in  monradite 

Amount  of  Oxygen. 


Silicic  acid 

56-17 

• 

•          • 

Magnesia 

31-63 

• 

12.662 

Protoxide  of  iron 

8-50 

• 

1-949 

Water 

4-04 

r 

•        • 

\ 


29-957 

14.601 

3-690 


100-40 


Now 


3-59  :  14-601  :  29-957=1  :  4-07 :  8-3=1  :  4 :  8. 


Designating  1  eq.  metal  by  K,  we  obtain  from  these  numbers  the  for> 
mula; — 

4  (R  O,  Si  0,)+H0  or  4  (^«  I  O,  Si  O,  )  +aq. 

Kot  only  isomorphous  substances^  but  generally  all  bodies  of  analo* 
gous  composition  possess  the  faculty  of  replacing  each  other  in.  com- 
poimds  5  thus  we  find  that  KO,  Na  O,  Ca  O,  Mg  O,  <fec.,  replace  each 
other.  These  substances  likewise  must  be  expressed  collectively  in  the 
formula* 

Antctt  found  in  andesine 


Silicic  acid 

69-60 

Alimiina 

24-28 

Sesquioxide  of  iron 

1-58 

Tiime 

5-77 

Magnesia 

1-08 

Soda 

6-53 

Potassa 

108 

Amount  of  Ozyire>L 

•        • 

• 

31-79 

11-22) 

4k   ^      mm  mm      W 

0-48  f 

• 

11-70 

1-61^ 

0-43 
1-68  ^ 

• 

3*90 

0-18 

Now 


99-92 


3-90  :  11-70  :  31-79=1 :  3  :  8^5=1  :  3  :  8. 


Designating  1  eq.  metal  by  B,  we  obtain  from  these  numbers  Um 
fiyrmula: — 

R  0-fIt,  Oj+4SiO, 
—R  O,  Si  O,  +R,  Og,  3  Si  O,, 


g  201.]  CAbOOLATIOK  OF  ANALYSIS.  47ft 

tdiidi  maj  'ikewioe  be  written  :— 

Ca 


^no,SiO,+|J||o.,3SiO^ 


Showing  thus  that  this  mineral  is  leucite  (K  O,  Si  O^  4-  Al,  O,,  3  Si  O,  )^ 
in  which  the  greater  part  of  the  potassa  is  replaced  by  lime,  soda,  and 
magnesia,  and  a  portion  of  the  alumina  by  sesquioxide  of  iron. 

These  remarks  respecting  the  deduction  of  formuln  for  oxygen  salts, 
apply  of  course  equally  to  metallic  sulphides. 

rv.  Calculation  op  the  Density  op  the  Vapors  op  Volatile 
Bodies,  and  Application  op  the  Results,  as  a  Means  of  con- 
trolling THEIR  Analyses,  and    determining    their   Equita« 

LENTS. 

§201. 

The  specific  gravity  of  a  compound  gas  is  equal  to  the  sum  of  the 
specific  gravities  of  its  constituents  in  one  volume. 

JB.g.^  2  volumes  of  hydrogen  gas  and  1  volume  of  oxygen  gas  give  2 
volumes  of  aqueous  vapor.  If  they  gave  simply  1  volume  of  aqueous 
vapor,  the  specific  Gravity  of  the  latter  would  be  equal  to  the  sum  total 
of  the  specific  gravity  of  the  oxygen  and  double  the  specific  gravity  of 
the  hydrogen — viz., 

2x0-0693=0  1386 
•fM083 

«l-2469 

But  as  they  give  2  volumes  of  aqueous  vapor,  this  1*2469  is  distri* 
buted  between  the  two  volumes ;  accordingly  the  specific  gravity  of  the 
vapor  is 

1-2469     ^^«„,e 
— 2 — «0'62345 

It  will  be  readily  seen  that  the  knowledge  of  the  density  of  the  vapor 
of  a  compound  supplies  an  excellent  means  of  controlling  the  cori'ectness 
of  the  relative  proportions  of  the  equivalents  assumed  in  a  formula. 

For  instance :  from  the  results  of  the  ultimate  analysis  of  camphor, 
has  been  deduced  the  empirical  formula : 

DuxAS  found  the  density  of  the  vapor  of  camphor=5-312.  No^*,  by 
what  moans  do  we  find  whether  this  ^rmula  is  correct  with  respect  t  >  tlie 
relative  proportions  of  the  equivalents  ? 

Specific  gravity  of  the  vapor  of  carbon  0*831 

"  *•  hydrogen  gas  0*0693 

"  "  oxygen  gas  M08 

10  eq.  0=10  volumessslOx 0*831  a8'310 
8  eq.  H=16  volumes=  16x0*0693 =1*109 
1  eq.  0=  1  volume  =   1x1*1081  =  1*108 

10-627 
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This  sum  is  almost  exactly  twice  as  large  as  the  specific  gravity  found 
by  direct  experiment  ('^g" — 5*263) ;  whi<i  shows  that  the  relative  pro- 
portions of  die  equivalents  are  correctly  given  in  the  empirical  formula 
of  camphor.  But  whether  the  formula  is  correct,  also,  with  regard  to 
the  absolute  number  of  equivalents,  cannot  be  determined  simply  from 
the  density  of  the  vapor,  because  we  do  not  know  to  how  many  volumes 
of  camphor  vapor  1  equivalent  of  camphor  corresponds.  Liebig  assumes 
the  equivalent  of  camphor  to  correspond  to  2  volumes,  and  gives  accord- 
ingly the  formula  G|o  Hg  O ;  whilst  Duhas  assumes  it  to  corree^nd  to 
4  volumes,  and  accordingly  gives  the  formula  C^  H15  O,. 

The  knowledge  of  the  density  of  the  vapor  afibrds,  therefore,  in  reality, 
simply  a  means  of  controlling  the  correctness  of  the  analysis,  but  not  of 
establishing  a  rational  formula ;  and  although  it  is  made  to  serve  some- 
times for  the  latter  purpose,  yet  this  can  be  done  only  in  the  case  of  sub- 
stances for  which  we  are  able  to  infer  from  analogy  a  certain  ratio  of 
condensation  :  thus,  for  instance,  experience  proves  that  1  equivalent  of 
the  hydrates  of  the  volatile  organic  acids,  of  alcohols,  &Cf  corresponds 
to  4  volumes. 

In  §  200,  2,  we  have  found  the  rational  formula  of  hydrated  benzoic 
acid  to  be  C]4  H«  O4.  Dumas  and  Mitscherlich  found  the  vapor  den- 
sity to  be  4-26. 

Now  nearly  the  same  number  is  obtained  by  dividing  by  4  the  sum 
total  of  the  gravities  of  the  several  constituents  contained  in  1  equiva- 
lent of  hydrated  benzoic  acid,  viz., 

14  volumes  0=11-634 

12  volumes  H=  0-831 

4  volumes  0=  4*432 


16-897 


=  4-224 


Hermank  Eopp*  has  called  attention  to  the  fact  that,  if  the  equivalent 
of  a  substance  refers  to  H  =  1,  and  the  vapor  density  of  the  same  to  at- 
mospheric air  ==  1,  the  division  of  the  equivalent  by  the  vapor  density 
gives  the  following  quotients, 

28-88         14-44        7-22 

according  as  the  formula  corresponds  to  4,  2,  or  1  volume  of  vapor : 

28-88  corresponds  to  a  condensation  to  4  volumes 
14-44        «  «  «  2       " 

7-22         **  «  "1  vohune 

KoPP  calls  these  numbers  normal  quotients.  If  the  vapor  density  is 
not  quite  exact,  but  only  approximate  (determined  by  expenment), 
other  numbei-s  are  found,  but,  to  be  correct,  these  must  come  near  the 
normal  numbers. 

If,  therefore,  we  know  the  equivalent  of  a  body,  we  may,  with  the 
greatest  facility,  ascertain  whether  the  determination  of  the  vapor 
density  of  the  body  has  given  approximately  correct  results  or  not. 

Gay-Lussac  found  the  vapor  density  of  alcohol  to  be  1-6 13S  ; 
Dalton,  2-1. t 

*  Compt  rend.  44, 1347 ;  Ghem.  GentralbL  1857,  8Mi. 
t  Gmelin'a  Handbook,  viii,  100. 
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Now,  which  is  the  correct  number  ? 
The  equivalent  of  alcohol,  C4  Hg  O,,  is  46. 

i?=21-9 
2-1 

1-6133     ^ 

It  is  evident  that  Gat-Lussag's  number  is  approximately  coneci| 
for  the  quotient  found  by  it  comes  very  near  the  normal  quotient, 
28-88. 

Again,  if  we  know  the  equivalent  of  a  body,  and  the  number  of 
volumes  of  vapor  corresponding  to  1  equivalent^  we  may  also,  with  the 
same  fiicUity,  calculate  the  theoretical  vapor  density  of  the  body.  For 
instance,  the  equivalent  of  hydrated  benzoic  acid  is  122.  The  division 
of  this  number  by  28*88  gives  4*224  as  vapor  density,  which  is  the 
same  as  that  found  by  actual  experiment. 

And,    lastly,  if  we  know  approximately  (ue.  by  experiment)  the 
vapor  density  of  a  body,  and  also  the  ratio  of  condensation,  we  may 
with  the  aid  of  these  quotients,  approximately  calculate  tlie  equivalent 
of  the  body. 

JSJ.g.  The  vapor  density  of  acetic  ether  has  been  found  =  3*112. 
The  multiplication  of  tliis  number  by  28*88  gives  89*87  as  the 
equivalent  of  acetic  ether,  which  comes  near  the  actual  equivalent, 
88. 

Having  thus  shown  how  the  knowledge  of  the  vapor  density  of  a 
body  is  turned  to  account  as  a  means  of  controlling  the  results  of  an 
ultimate  analysis  of  the  same,  we  will  now  proceed  to  show  how  the 
vapor  density  is  calculated  from  the  data  obtained  as  described  in  §  191, 
A  and  B. 

A.  We  will  take  as  an  illustration  Dumas'  estimation  of  tlie  specific 
gravity  of  the  vajior  of  camphor. 

The  results  of  the  process  were  as  follows : — 

Temperature  of  the  air 13*5^ 

Barometer 742  mm. 

Temperature  of  the  bath  at  the  moment  of  sealing  the  globe     244^ 

Jncnsase  of  the  weight  of  tlie  globe 0*708  grm. 

Volume  of  mercury  entering  the  globe         .         .         .         .     295  c.c. 
Residual  air 0 

Now,  to  find  the  vapor  density,  we  have  to  detei-mine, 

1.  The  weight  of  tire  air  which  the  globe  holds  (as  a  necessary  step  to 
the  determination  of  2). 

2.  The  weight  of  the  camphor  vapor  which  the  globe  holds. 

3.  The  volume  to  which  the  camphor  vapor  corresponds,  at  0^  and 
760  mm. 

The  solution  of  these  questions  is  quite  simple ;  and  if  the  calcula- 
tion, notwithstanding,  appears  somewhat  complicated,  ihia  is  merely 
owing  to  certain  reductions  and  corrections  which  are  requireil. 

1.    The  weight  of  ifie  air  in  tJie  globe. 

*  The  globe  holds  295  c.  c,  as  we  see  by  the  volume  of  mercur  -  le- 
qntred  to  fill  it. 
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First,  what  is  the  Yolume  of  295  c  c  of  air  at  13*5^  and  742  miu. 
at  0°  and  760  mm.  ? 

The  queation  is   solved   according  to  the  directions  of  §    195,  u 
follows: — 

760:742::295:aj 

«=288  c.  c.  (At  13-5*  and  760  mm.) 

and  again: 

r    /.oe  ^!.l^n..v=     ^^^    =274  c.  c.  (at  0°  and  760  mm.) 
l-*-(13-5x  0-00366)      1-04941  ^  ^ 

Now  1  c.  c.  of  air  at  0®  and  760  mm.  weighs  0-00129366  gi-m. ;  274' 
0.  c.  weigh  accordingly 

0-00129366  X  274r=0  15446  grm. 

2.  The  Weight  of  the  Vapor. 

At  the  beginning  of  the  experiment  we  tared  the  globe  H- the  air 
within  it;  we  afterwai-ds  weighed  the  globe-}- the  vajK>r  (but  without 
the  air) ; — to  find,  therefore,  the  actual  weight  of  the  vapor,  it  is  not 
sufficient  to  subtract  the  tare  from  the  weight  of  the  globe  filled  with 
vapor,  since  {gl<i88-\- vapor) — {glass + air)  is  not=vapor  /  but  we  have 
either  to  subtract,  in  the  first  place,  the  weight  of  the  air  from  the  tare, 
or  to  add  the  weight  of  the  aii'  to  the  increase  of  the  weight  of  the 
globe.     Let  us  do  the  latter : — 

Weight  of  air  in  the  globe     .     =0*35446  grm. 
Increase  of  weight  of  globe  .     =0*70800  grm. 

The  weight  of  the  vapor  is  accordingly      =1*06246  grm. 

3.  Tits  Volume  to  which  iJiia  Weight  of  1*06246  grm,  of  Vapor  cor- 
responds  at  0^  and  760  mm, 

•  We  know  from  the  above-given  data  that  this  weight  corresponds  to 
295  c.  c.  at  244^,  and  742  mm.  Before  we  can  proceed  to  reduce  this 
volume  according  to  the  directions  of  §  195,  the  following  corrections 
i^re  necessary : — • 

a.  244^  of  the  mercurial  thermometer  correspond,  according  to  the 
experiments  of  Magnus,  to  239°  of  the  air  thermometer  (see  Table 
VL). 

6.  According  to  Dulong  and  Petit,  glass  expands  (commencing  at 
0**)  -rriTHr  ^^  ^^  volume  for  each  degree  C.  The  volume  of  the  globe  at 
the  moment  of  sealing  was  accordingly — 

295+— ^—=297  CO. 
35000 

It  we  now  proceed  to  reduce  this  volume  to  0^  and  760  mm.  "we  find 
by  the  propoition, 

760  :  742 : :  297  :  x 
X  (i.e.,  c.  c  of  vapor  at  760  mm.  and  239^) =290; 
and  by  the  cquauon. 
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290 _^ 

1  + (239x0-00366)' 

X  (i.e,  c.  c.  of  vapor  at  760  mm.  and  0°)  =  154*6. 
154*6  c.  c  of  camphor  vapor  at  0^  and  760  mm.,  weigh  acoordingl/ 
1-06246  grm. 
1  liti-e  (1000  c.  c.)  weighs  consequently  6*87231  grm. ;  since 

154*6  :  1*06246::  1000  :  6*87231. 

Now  1  litre  of  air  at  0°  and  760  mm.  weighs  1*29366  gi-m. 

The  specific  gravity  of  the  camphor  vapor  consequently  =  5*312  ;  since 

1*29366  :6*87231::1:  5*312. 

B.  We  will  here  take  an  imaginary  determination  of  tlie  vapor  density 
of  ether  as  our  example. 

Bulb + ether  =  0*3445  grm. 

"  empty  =0*2040  grm. 

Weight  of  ether  =0*1405  grm. 


\o 


Temperature  of  the  glycerine  solution  in  the  ou^r  cylinder  100^ 

Sp.  gr.  of  the  same  solution  at  100° 1 

Barometer 752  mm. 

Difference  between  the  height  of  the  mercury  in  the  outer  ) 

and  inner  cylinders )  50  mm. 

Height  of  the  column  of  mercury  in  the  outer  cylinder . .  60  mm. 

Inside  height  of  the  outer  cylinder 400  mm. 

Volume  of  the  vapor  as  found  from  the  tube's  table ....  60  c.  c. 

The  glycerinp  solution  being  400—60=  340  mm.  high  and  having 
a  specific  gravity  of  1,  con-esponds  to  a  column  of  mercury  of  25  mm. 
The  vapor  consequently  is  under  the  pressure  of  752  +  25  —  50=727  mm. 
60  c.  c.  of  ether  vapor  at  100*^  and  727  mm.  consequently  weigh  0*1405. 
We  have  now  to  ciedculate  the  weight  of  60  c.  c.  of  air  under  the  same 
circumstances. 

1000  c.  c.  air  of  0°  and  760  mm.  weigh  1*29366  grm.  Heated  to  100** 
they  become  1366*5  c.  c.  (comp.  §  195,  a),  and  with  the  pressuro  reduced 
to  727  mm.  these  expand  again  to  1428*5  c.  c.  (comp.  §  195,  3).  But 
the  air  still  weighs  the  same,  viz.,  1*29366  grm.  .*.  1428*5  c.  c.  weighing 
1*29366,  60  c.  c.  weigh,  under  tiie  same  circumstances,  0*05433  grm. ; 

hence  the  sp.  gr.  of  ether  vapor  =.  -      .^=2*586 
^  ^  ^       0*05433 
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1.  ANALYSIS  OF  FEESH  WATER  (SPRING-WATER^ 

RIVER- WATER,  &c.)* 

§202. 

The  analysis  of  the  several  kiuds  of  fr^sh  water  is  usiudly  restricted  tc 
the  quantitative  estimation  of  the  following  substances : — 

a,  JBases:  Soda,  lime,  magnesia. 

6.  Acids  :  Sulphuric  acid,  nitric  acid,  silicic  acid,  carbonic  acid,  chloiine. 

c.  Mechanically  suspencled  Matters :  Clay,  &c. 

We  confine  ourselves,  therefore,  here  to  the  estimation  of  these  bodies. 

I.  Tlie  Water  is  dear, 

1.  Determination  of  the  Chlorine.  —This  may  be  effected,  either,  a,  in 
the  gravimetric,  or,  6,  in  the  volumetric  way. 

a.  Gravimetrically. 

Take  500 — 1000  grm.  ore.  c.f  Acidify  with  nitric  acid,  and  precipi- 
tate with  nitrate  of  silver.  Filter  when  the  pi-ecipitate  has  completely 
subsided  (§  141,  I.,  a).  If  the  quantity  of  the  chlorine  is  so  inconsider- 
able that  the  solution  of  nitrate  of  silver  produces  only  a  slight  turbidity, 
evaporate  a  larger  poi-tion  of  the  water  to  J,  ^,  ^,  <fec.,  of  its  bulk,  filter, 
wash  the  precipitate,  and  treat  the  filtrate  as  directed. 

b.  Volu metrically. 

Evaporate  1000  grm.  or  c.  c.  to  a  small  bulk,  and  determine  the 
chlorine  in  the  residual  fluid,  without  previous  filtration,  by  solution  of 
nitrate  of  silver,  with  addition  of  chromate  of  potassa  (§  141,  I.,  6,  a). 

2.  Determination  of  ike  Sid^yhtiric  Acid. — Take  1000  grm.  or  c.  c. 
Acidify  with  hydrochloric  acid  and  mix  with  chloride  of  barium.  Filter 
after  the  precipitate  has  completely  subsided  (8  132,  I.,  1).  If  the  quan- 
tity of  the  sulphuric  acid  is  very  inconsiderable*,  evaporate  the  acidified 
water  to  J-,  i,  ^,  <fec.,  of  the  bulk,  before  adding  the  chloride  of  barium. 

3.  Determination  of  JSFitric  AcU\ — If,  on  testing  the  residue  on  eva- 
poration of  a  water  for  nitric  acid,  such  a  strong  reaction  is  obtained 
that  the  presence  of  a  determinable  quantity  of  the  acid  may  be  inferred, 
evaporate  1000  or  2000  c.  c.  of  the  water  in  a  porcelain  dish,  wash  the 
residue  into  a  flask  (if  any  carbonate  of  lime,  tScc,  remains  sticking  to 
the  dish,  it  may  be  disregarded,  as  all  nitrates  are  soIuVjIc),  evaporate  in 
the  flask  still  further,  if  necessary,  and  in  the  small  quantity  of  residual 
fluid  determine  the  nitric  acid  according  to  §  149,  d^  a,  or  /?.  The  for- 
mer method  is  less  suitable  if  the  residue  on  evaporation  contains 
organic  matter.     If  the  latter  method  is  employed,  the  evaporated  water 

*  Compare  Qualitative  Analysis,  p.  282,  et  seq.  See  a  paper  recently  read 
before  the  Chemical  Society  by  Dr.  Miller — the  Society's  Journal  (2),  iii,  117, 
et  seq. ;  also,  Frankland,  idem  (2),  iv.,  239,  and  vL,  77;  and  Wanklyn,  Chap' 
man,  and  Smith,  idem  vi,  152. 

f  As  the  specific  gravity  of  fresh  water  differs  but  little  from  that  of  pure  water, 
the  several  quantities  of  water  may  safely  be  measured  instead  of  weighed.  The 
calculation  is  facilitated  by  taking  a  round  number  of  o.  c. 
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must  first  bo  heated  with  potash  solution  till  no  more  alkaline  vapors 
escape. 

4.  Deternunation  of  tJte  Silicic  Acid^  lAvae^  and  Jifagnesia. 

EA'aporate  1000  grm.  or  c.  c.  to  dryness — after  addition  of  some  hydi-o- 
chloric  acid — prefei'ably  in  a  platinum  dish,  treat  the  residue  with 
hydrochloric  acid  and  water,  filter  off  the  separated  silicic  acid,  and  treat 
the  latter  i\s  directed  §  140  II.,  a.  Estimate  the  lime  and  magnesia  in 
the  filtrate  as  directed  §  154,  6/a  (20). 

5.  Detennination  of  ilie  total  Residue  and  of  the  Soda. 

a.  Evaporate  1000  grm.  or  c.  c.  of  the  water,  with  proper  care,  to 
dryness  in  a  weighed  ]>latiuum  dish,  first  over  a  lamp,  finally  on  the 
water-bath.  Expose  the  residue,  in  the  air-bath,  to  a  temperature  of 
about  180°,  until  no  further  diminution  of  weight  takes  place.  Thiw 
gives  the  toted  amount  of  tlie  salts, 

b.  Treat  the  residue  with  water,  and  add,  cautiously,  pure  dilute  sul- 
phuric acid  in  moderate  excess ;  cover  the  vessel  during  this  opei*ation 
with  a  dish,  to  avoid  loss  from  spirting ;  then  place  on  the  water-bath, 
without  removing  the  cover.  After  ten  minutes,  rinse  the  cover  by  means 
of  a  washing  bottle,  evaporate  the  conten'ts  of  the  dish  to  dryness,  expel 
the  free  sulphuric  acid,  ignite  the  residue,  in  the  last  stage  with  a<ldition 
of  some  carbonate  of  ammonia  (§  97,  1),  and  weigh.  The  i^sidue  con- 
sists of  sulphate  of  soda,  sulphate  of  lime,  sulphate  of  magnesia,  and 
some  separated  silicic  acid.  It  must  not  redden  moist  litmus  paper.  The 
quantity  of  the  sulj^hate  of  soda  in  the  i-esidue  is  now  foimd  by  subtract- 
ing from  the  weight  of  the  latter  the  known  weight  of  the  silicic  acid  and 
the  weight  of  the  sulphate  of  lime  and  sulphate  of  magnesia  calculated 
from  the  quantities  of  these  eai'ths  found  in  4. 

6.  Direct  Estimation  of  Hie  Soda, 

The  soda  may  also  be  determined  in  the  direct  way,  with  comparative 
expedition,  by  the  following  method : — 

Evaporate  1250  grm.  or  c.  c.  of  the  water,  in  a  dish,  to  about  j^,  and 
then  add  2 — 3  c.  c.  of  thin  pure  milk  of  lime,  so  as  to  impart  a  strongly 
alkaline  reaction  to  the  fluid ;  heat  for  some  time  longer,  then  wash  the 
contents  of  the  dish  into  a  quarter-litre  flask.  (It  is  not  necessary  to  rinse 
every  particle  of  the  preciintate  into  the  flask;  but  the  whole  of  the  fluid 
must  be  transferred  to  it,  and  the  particles  of  the  precipitate  adhering 
to  the  dish  well  washed,  and  the  washings  also  added  to  the  flask.)  Allow 
the  contents  to  cool,  dilute  to  the  mark,  shake,  allow  to  deposit,  filter 
through  a  dry  filter,  measure  off  200  c.  c.  of  the  filtrate,  con-esponding 
to  1000  grm.  of  the  water,  transfer  to  a  quarter-litre  flask,  mix  with  can-" 
bonate  of  ammonia  and  some  oxalate  of  ammonia,  add  water  up  to  the 
mark,  shake,  allow  to  deposit,  filter  through  a  dry  filter,  measure  off  200 
c.  c,  corresponding  to  800  grm.  of  the  water,  add  some  chloride  of  am- 
monium,* evaporate,  ignite,  and  weigh  the  residual  ddoride  of  sodium 
as  directed  §  98,  2,\ 

*  To  convert  the  still  remaining  sulphate  of  Boda,  o.a  ^'gnition,  into  rhlozide  of 
E'vlium. 

f  This  process,  which  entirely  dispenses  with  washing,  presents  one  source  of 
error — viz. ,  the  space  occupied  by  the  precipitates  is  not  t&ken  into  accoiint.  The 
error  resulting  from  this  is,  however,  so  trifling,  that  it  may  safely  be  disregaxded, 
as  the  excess  of  weight  amounts  tozin  &t  the  most. 
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7.  Calculate  the  mimbers  found  in  1 — G  to  1000  parts  of  water,  and 
determine  from  the  data  obtained  the  amount  of  carbonic  add  in  com 
bination,  as  follows : — 

Add  together  the  quantities  of  suli)huric  acid  corresponding  to  the 
bases  found,  and  subtract  from  the  sum,  first,  the  amount  of  sulphuric 
acid  precipitated  fi-om  the  water  by  chloride  of  bai-ium  (2),  secondly, 
the  amount  cori*esponding  to  the  nitric  acid  found,  and  thirdly,  the 
amount  corresponding  to  the  chlorine  found  (for  1  eq.  CI,  1  eq.  SO;,) ; 
the  remainder  is  equivalent  to  the  carbonic  acid  combined  with  the 
bases  in  the  form  of  neutral  carbonates.  40  parts  of  sulphuric  acid  re- 
maining after  subtracting  the  quantities  just  stated,  correspond  accord- 
ingly to  22  parts  of  carbonic  acid. 

If,  by  way  of  control,  you  wish  to  determine  the  combined  carbonic 
acid  in  the  direct  way,  evaporate  1000  grm.  or  c.  c.  of  the  water,  in  a 
flask,  to  a  small  bulk ;  add  tincture  of  cochineal,  then  standard  nitiic 
acid,  and  proceed  as  directed  p. 

8.  Control, 

If  the  quantities  of  the  soda,  lime,  magnesia,  sulphuric  acid,  nitric 
acid,  silicic  acid,  carbonic  acid,  and  chlorine  are  added  together,  and  an 
amount  of  oxygen  corresponding  to  the  chlorine  (since  this  latter  is 
combined  with  metal  and  not  with  oxide)  is  subti-ucted  from  the  sum, 
the  remainder  must  nearly  correspond  to  the  total  amount  of  the  salts 
found  in  5,  a.  Perfect  correspondence  cannot  be  expected,  since,  1, 
upon  the  evaporation  of  the  watej;  chloride  of  magnesium  is  partially 
decomposed,  and  converted  into  a  basic  salt;  2,  the  silicic  acid  expels 
some  oarbonic  acid ;  and  3,  it  being  difficult  to  free  carbonate  of  mag- 
nesia from  water  without  incuriing  loss  of  carbonic  acid,  the  residue 
remaining  upon  the  evaporation  of  the  water  contains  the  carbonate  of 
magnesia  as  a  basic  salt,  whereas,  in  our  calculation,  we  have  assumed 
the  quantity  of  carbonic  acid  corresponding  to  the  neutral  salt. 

9.  DeterminaUon  of  Hie  free  Carbonic  Acid, 

In  the  case  of  well-wat«r  this  mav  be  conveniently  executed  by  the 
process  described  §  139,  j3  (p.  286).  We  here  obtain  the  carbonic  acid 
which  is  contained  in  the  water  over  and  above  the  quantity  corre- 
sponding to  the  raonocarbonates,  or  in  other  words,  the  carbonic  acid 
which  is  free  and  which  is  combined  with  the  carbonates  to  bicav- 
bonates. 

10.  Determination  of  the  Organic  Matter, 

Many  well-watei'S  contain  so  much  organic  matter  as  to  be  quite 
yellow,  others  contain  traces,  and  many  again  may  be  said  to  be  free 
from  such  substances.  The  exact  estimation  of  organic  matter  is  by  no 
means  an  easy  task,  and  the  method  usually  adopted — viz.,  ignition  of 
the  residue  of  the  water  dried  at  180°,  treatment  with  carbonate  of 
ammonia,  gentle  ignition  again,  and  calculation  of  the  organic  matter 
from  the  loss  of  weight — yields  merely  an  approximate  result,  since  we 
can  never  be  sure  as  to  the  condition  of  the  carbonate  of  magnesia  in 
the  residue  dried  at  180*^  and  in  the  same  after  ignition,  and  since  the 
silicic  acid  expels  some  carbonic  acid,  which  is  not  taken  up  again  on 
treatment  with  carbonate  of  ammonia,  Ac.  However,  it  is  generally  a 
matter  of  importance,  in  regard  to  the  application  of  a  water,  to  know 
the  quantity  of  organic  matter  preser.t,  hence  we  have  lately  had  re- 
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course  to  the  permanganate  of  potassa,  and  sought  to  deteniine  the 
organic  matter  at  least  comparatively  from  the  quantity  of  the  oxidizing 
agent  reduced  by  a  definite  amount  of  water.  Fobchhamher*  heats  a 
certain  quantity  of  the  water  to  boiling,  runs  in  a  dilute  solution  of 
permanganate  from  a  burette,  till  a  faint  but  permanent  redness  000111-8, 
he  then  allows  to  cool,  and  to  a  like  quantity  of  pure  distilled  water 
adds  permanganate  from  the  same  burette  till  a  similar  coloration  is 
formed ;  lastly,  he  finds  from  the  difterence  the  quantity  of  permanga- 
nate i-educed  by  the  substances  contained  in  the  water.  Em.  MoKKiKKf 
uses  a  solution  of  1  grm.  permanganate  of  potassa  in  1  litre  of  distilled 
water,  purified  by  rectification  over  some  permanganate  of  potassa.  He 
warms  600  c.  c.  of  the  water  to  70°,  adds  1  c.  c.  pure  sulphunc  acid, 
and  then  the  standard  solution  of  permanganate  to  incipient  coloration, 
and  finally,  deducting  from  the  quantity  employed  the  quantity  neces- 
sary to  impart  the  same  coloration  to  500  c.  c.  of  purified  distilled 
water,  acidulated  and  heated  as  above,  he  obtains  the  quantity  of  per- 
manganate which  has  been  reduced  by  the  substances  present  in  the 
water  tested. 

Comparative  experiments  of  this  kind  are  often  of  value ;  but  they 
do  not  provide  us  with  a  numerical  expression  for  the  amount  of  or- 
ganic  substances  present,  since  w^atei-s  contain  sometimes  other  bodies, 
especially  nitrites,  sulphuretted  hydrogen,  and  salts  of  protoxide  of 
iron,  which  have  tlie  property  of  reducing  permanganate  of  potassa, 
and  since  again  organic  substances  decompose  vaiious  quantities  of  tliis 
salt,  according  to  their  nature. 

II.   7\i  v^oif  is  not  dear. 

Fill  a  large  fl.isk  of  known  capacity  with  the  water,  close  with  a  glass 
btx>pper,  and  allow  the  fiask  to  stand  in  the  cold  until  the  suspended 
matter  is  deposited  ;  draw  off  the  clear  water  with  a  siphon  as  far  as 
practicable,  filter  the  bottoms,  dry  or  ignite  the  contents  of  the  filter, 
and  weigh.     Treat  the  clear  water  as  directed  in  I. 


Respecting  the  calculation  of  the  analysis,  I  remark  simply  that  the 
results  are  u8uaUy\  arranged  '^'^lon  -Jie  following  ]>rinci}>les  : — 

The  chlorine  is  combined  with  sodium ;  if  there  is  an  excess,  this  is 
combined  with  calcium.  If,  on  the  other  hand,  there  remains  an  ex- 
cess of  soda,  this  is  combined  with  sulphunc  acid.  The  sidpkuric  acidj 
or  the  remainder  of  the  sulphuric  acid,  as  the  case  may  be,  is  combined 
with  lime.  The  nitric  acid  is,  as  a  rule,  to  be  combined  with  lime. 
The  silicic  acid  is  put  down  in  the  free  state,  the  remainder  of  the  lime 
and  the  nuignesia  as  carbonates,  either  neutral  or  acid,  according  to 
circumstances. 

It  must  always  l>e  borne  in  mind  that  the  results  of  the  qualitative 
analysis  may  render  another  arrangement  of  the  acids  and  bases  neces- 
sary. For  instance,  if  the  evaporated  water  reacts  strongly  alkaline, 
carbonate  of  soda  is  present,  generally  in  company  with  sulphate  of 
Boda  and  chloride  of  sodium,  occasionally  also  with  nitrate  of  soda. 


•I 


•  Institut.  1849,  SaS ;  Jahresber.  von  v.  Liebig  u.  Kopp.  1849,  608. 
Compt.  rend.  50.  1084  ;   Dingler's  polvt.  Joum.  157.  132. 
A  certain  latitude  is  here  allowed  to  the  analyst^s  discretion. 
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The  lime  and  magnesia  are  then  to  be  entirely  combined  with  carbonic 
acid. 

In  the  report,  the  qnantities  are  represented  in  parts  per  1000  (oi 
1000,000),  and  also  in  grains  per  gallon. 


For  technical  purposes,  it  is  sometimes  sufficient  to  estimate  the 
hardness  of  the  water  (the  relative  amount  of  lime  and  magnesia  in  it) 
by  means  of  a  standard  solution  of  soap.  A  detailed  description  of  this 
method,  which  was  first  employed  by  Clark,  may  be  found  in  Bolley 
k  Paul's  Handbook  of  Technical  Analysis.  See  also  Sutton's  Volu- 
metric Analysis. 

2.   ACIDIMETRY. 

A.   Estimation  by  Specific  Gravity. 

§  203. 

Tables,  based  upon  the  results  of  exact  experiments,  have  been  drawn 
up,  expressing  in  numbers  the  relation  between  the  specific  gravity  of 
tiie  aqueous  solution  of  an  acid,  and  the  amount  of  real  acid  contained 
in  it.  Therefore,  to  know  the  amount  of  real  acid  contained  in  an 
aqueous  solution  of  an  acid,  it  suffices,  in  many  cases,  simply  to  deter- 
mine its  specific  gravity.  Of  course  the  acids  must,  in  that  case,  be 
free,  or  at  least  nearly  free  from  admixtures  of  other  substances  dis- 
solved in  them.  Now,  as  most  common  acids  are  volatile  (sulphuric 
acid,  hydrochloric  acid,  nitric  acid,  acetic  acid),  any  non- volatile  admix- 
ture may  be  readily  detected  by  evaporating  a  sample  of  the  acid  in  a 
small  platinum  or  porcelain  dish. 

The  determination  of  the  specific  gravity  is  effected  either  by  com- 
paring the  weight  of  equal  volumes  of  water  and  acid,*  or  by  means  of 
a  good  hydrometer.  The  estimations  must,  of  course,  be  made  at  the 
temperature  to  which  the  Tables  refer. 

The  Tables  on  pages  488 — 491  give  the  relations  between  the  spe- 
cific gravity  and  the  strength  for  sulphuric  acid,  hydrochloric  acid, 
nitric  acid,  and  acetic  acid. 

In  all  cases  in  which  the  determination  of  the  specific  gravity  fails  to 
attain  the  end  in  view,  or  which  demand  particular  accui-acy,  the  fol- 
lowing method  is  employed. 

B.  Estimation  by  Saturation  with  an  Alkaline  Fluid  of  known 

Strength.! 

§  204. 

This  method  requires : — 

A  dilute  acid  of  known  sti^ngth. 
An  alkaline  fluid  of  known  strength. 

*  See  Gieville  Williams*  Chemical  Mauipalation. 

f  According  to  Nicholson  and  Price  (Chem.  Gaz.,  1856,  p.  BO)  the  common 
method  of  acidimetiy  is  not  suited  for  determining  free  acetic  add,  on  account 
of  the  alkaline  reaction  of  neutral  acetate  of  soda ;  however,  Otto  (Annal.  d. 
Chem.  u.  Pharm.  102,  69)  has  clearly  demonstrated  that  the  error  arising  from 
this  ia  so  inoonsiderable  that  it  may  safely  be  disregarded. 
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TABLE  I. 


Showing  tho  percentages  of  hydrated  and  anhydrous  acid  corresponding 
to  various  specific  gravities  of  aqueous  Sidphwric  Add  by  Bikeau  ; 
calculated  for  15°,  by  Otto. 


Specifio 
gravity. 

Percentage 

Percentage 

Specifio 
gravity. 

Percentage 

\    Peroentage 

m 

ofhydrated 
add. 

of  anhydrous 
add. 

ofhydn^ted 
add. 

1  of  anhydrous 
add. 

1-8426 

100 

81-63 

1-898 

50 

40-81 

1-842 

99 

80-81 

1-3886 

49 

40-00 

1-8406 

98 

80  00 

1-379 

48 

8918 

1-840 

97 

79-18 

1370 

47 

38-36 

1-8384 

96 

78-36 

1-861 

46 

87-56 

1-8376 

95 

77  55 

1-351 

45 

36^ 

1-8356 

94 

76-73 

1-842 

44 

85 -«3 

1-834 

93 

75  91 

1-838 

43 

3510 

1-831 

92 

75-10 

1-824 

42 

84^ 

1-827 

91 

74-28 

1-815 

41 

33-47 

1-822 

90 

73-47 

1.806 

40 

82^ 

1-816 

89 

72-65 

1-2976 

89 

31-83 

1-809 

88 

71-83 

1-289 

88 

81-02 

1-802 

87 

71  02 

1-281 

87 

30-20 

1-794 

86 

70-10 

1-272 

86 

29-38 

1-786 

85 

69-38 

1-264 

85 

28-57 

1-777 

84 

68  57 

1-256 

34 

27-75 

1-767 

83 

67-75 

1-2476 

83 

26-94 

1-756 

82 

66-94 

1-239 

82 

2612 

1745 

81 

66  12 

1-231 

81 

25-30 

1734 

80 

65-30 

1-223 

80 

24-49 

1-722 

79 

64-48 

1-215 

29 

23-67 

1-710 

78 

63-67 

1-2066 

28 

22-85 

1-698 

77 

62-85 

1-198 

27 

22-03 

1-686 

76 

62-04 

1-190 

26 

21-22 

1 

1-675 

75 

61-22 

1182 

25 

20-40 

1-663 

74 

00-40 

1-174 

24 

19-68 

1-651 

73 

59-59 

1167 

23 

18-77 

1-639 

72 

58-77 

1-169 

22 

17-95 

1-627 

71 

57  95 

11516 

21 

17-14 

1.615 

70 

57-14 

1-144 

20 

16-32 

1-604 

69 

56-32 

1136 

19 

15-51 

1-592 

68 

55-59 

1-129 

18 

14^ 

1-580 

67 

54-69 

1121 

17 

18  87 

1-568 

66 

53-87 

11136 

16 

18-06 

1-557 

65 

63-05 

1-106 

15 

12-24 

1-545 

64 

52-24 

1098 

14 

11-42 

1  -534 

63 

61-42 

1091 

13 

10-61 

1-523 

62 

50-61 

1-083 

12 

9-79 

1-512 

61 

49-79 

1-0756 

11 

8-98 

1-501 

60 

48-98 

1068 

10 

8  16 

1-490 

59 

48-16 

1-061 

9 

7-34 

■ 

1-480 

58 

47-34 

10536 

8 

6-53 

1-469 

57 

46.53 

1-0464 

7 

6-71 

1-4586 

56 

45-71 

1-039 

6 

4-89 

1-448 

55 

44-89 

1-032 

5 

4-08 

1-438 

54 

44-07 

10256 

4 

3-26 

1428 

63 

43  26 

1019 

3 

2  445 

1-418 

52 

42-45 

1018 

2 

1-63 

1-408 

51 

41-63 

10064 

1 

0-816 

1 
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TABLE  II. 


SHowing  the  percentages  of  anhydrous  acid  corresponding  to  varioiu 
specific  gravities  of  aqueous  Hydrochloric  Acidy  by  Ure.  Tempe- 
rature 16®. 


Specific 
gravity. 

Percentage 

of  hydrochloric 

acid  gas. 

Specific 
gravity. 

Percentage 

of  hydrochloric 

acid  gas. 

1-2000 

40-777 

1-1000 

20-388 

1  -1982 

40-369 

1-0980 

19-980 

1-1964 

39-961 

1-0960 

19-572 

11946 

89-554 

1-0939 

19165 

1  -1928 

39-146 

1-0919 

18-757 

1  -1910 

38-738 

1-0899 

18-349 

1-1893 

38-830 

1-0879 

17-941 

M875 

37-923 

1-0859 

17-584 

11857 

37-516 

1-0838 

17-126 

1-1846 

37108 

10818 

16-718 

1  1822 

36-700 

1-0798 

16-310 

1-1802 

86  292 

1-0778 

15  -902 

1-1782 

35  884 

10758 

15-494 

11762 

35-476 

1-0738 

15-087 

1  -1741 

85  068 

1-0718 

14-679 

1  -1721 

34-660 

1-0697 

14-271 

1-1701 

34  252 

1-0677 

13-863 

1  1681 

33-845 

1-0657 

13-456 

1  1661 

33-437 

1-0637 

13  049 

11641 

83  029 

10617 

12-641 

14620 

32-621 

1-0597 

12-233 

1-1599 

32  213 

1-0577 

11-825 

1-1578 

31-805 

1-0557 

11-418 

11557 

31 398     . 

10537 

11-010 

1  1537 

80  990 

1-0517 

10-602 

11515 

30  582 

1-0497 

10-194 

1-1494 

30  174 

1-0477 

9  786 

1  -1473 

29-767 

10457 

9-379 

1-1452 

29  359 

10487 

8-971 

11431 

28  951 

1-0417 

8-563 

1-1410 

28-544 

1-0397 

8155 

1-1389 

28-136 

1-0377 

7-747 

1-1369 

27-728 

1-0357 

7-340 

1-1349 

27-321 

1-0337 

6-932 

1-1828 

26-913 

1-0318 

6-524 

1-1308 

26-505 

1-0298 

6-116 

1-1287 

26  098 

10279 

5-709 

11267 

25-690 

10259 

5-301 

1-1247 

25-282 

1-0239 

•  4-893 

11226 

24-874 

1-0220 

4-486 

11206 

24-466 

1-0200 

4-078 

1-1185 

24  058 

1-0180 

3-670 

11164 

23-650 

1  0160 

3-262 

1-1143 

23-242 

1-0140 

2  854 

1-1123 

22^34 

1-0120 

2-447 

11102 

22-426 

1-0100 

2-039 

11082 

22  019 

1-0080 

1-631 

1-1061 

21-611 

1-0060 

1-124 

11041 

21  -203 

10040 

0-816 

1-1020 

20-796 

10020 

0-408 
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TABLE  III. 


Showing  tlio  porcentages  of  anhydrous  acid  corresponding,  to  Tarioas 
specific  gravities  of  aqueous  Citric  Actd^  by  Ure.  Temperature 
15°. 


a   Preparation  of  the  Solutions, 

The  acid  may  be  of  such  strength  as  to  contain  in  1000  c.  c.  the  exact 
equivalent  number  (H=l)  of  giiunmes  of  the  acid,  accordingly,  40  grm. 
sulphuric  acid,  30 '40  hydrochloric  acid,  36  oxalic  acid,  <tc.  Adds  of 
this  strength  are  called  normal  acids  /  equal  volumes  of  them  have  the 
same  power  of  saturating  alkalies.  Their  use  is  convenient  for  techni- 
cal analyses.  For  nicer  work  we  employ  more  dilute  acids,  either  deci- 
normal,  or  of  some  other  convenient  staiidard.  As  the  first  step  in  the 
preparation  of  a  dilute  sulphuric  acid,  of  convenient  strength  for  ordi- 
nai-v  use,  dilute  20  cubic  centimetres  of  oil  of  vitriol  with  water  to  the 
Tolume  of  2  litres. 

The  standard  alkali  is  made  from  commercial  caustic  potash  ;  this  is 
dissolved  in  water  and  diluted  until  a  given  volume,  e.  g.  5  c.  c,  neutral- 
izes 4  to  6  c.  c.  of  the  standard  acid,  as  is  determined  by  a  few  rough 
trials. 

The  alkali-solution  thus  obtained  is  heated  to  boiling  in  a  flask,  and  a 
little  freshly-slaked  lime  is  added  to  decompose  any  carbonate  of  pot- 
ash. The  boiling  is  continued  a  few  minutes  and,  finally,  the  ley  is 
poured  upon  a  filter,  and  the  tilti-ate  is  collected  in  the  bottle  from 


Specific 
gravity. 

Percentage 
of  anhy- 
drous acid. 

Specific 
gravity. 

Percentage 
of  anhy- 
drous acid. 

Specific 
gravity. 

Percentage 
of  anhy- 
drous acid. 

Specific 
gravity. 

1 

PerceutA^ 
of  anhy- 
drous acid. 

l-oOO 

79-7 

1-419 

59  8 

1296 

89-8 

1-140 

19-9 

1-498 

78-9 

1-415 

59  0 

1-289 

89-0 

1-134 

19-1 

1-496 

78-1 

1-411 

58-3 

1-283 

88-8 

1-129 

18-3 

1-494 

77-3 

1-406 

67-4 

1-276 

37-5 

1123 

17« 

1-491 

7«-5 

1-402 

56-6 

1  270 

86-7 

1117 

16-7 

1-488 

7r>-7 

1-398 

56-8 

1-234 

85-9 

1  111 

15^  i 

1-4H5 

74-9 

1-394 

55-0 

1258 

35-1 

i-ia5 

15  1     ' 

1-482 

74-1 

1-888 

54  2 

1  252 

84-8 

1099 

14-8 

1-479 

73-3 

1  -38;^ 

5:^4 

1-246 

33  6 

1-093 

13-5 

1-476 

72  •5 

1-878 

52-6 

1-240 

32-7 

1-088 

127 

1  -473 

71-7 

1  -373 

518 

1234 

31-9 

1-082 

11-9 

1-470 

70-9 

1  -868 

51  1 

1-228 

31-1 

1-076 

11-2 

1-467 

7U-1 

1  863 

50-2 

1-221 

30-3 

1-071 

10-4 

1-464 

69-3 

1  -358 

49-4 

1-215 

29-5 

1-065 

9-6 

imo 

68-5 

1  -803 

48-6 

1-208 

28-7 

1  -059 

8-8 

1  -4.57 

67-7 

1-348 

47  9 

1-202 

27-9 

law 

80 

1  -453 

66-9 

1-843 

47-0 

1-196 

27-1 

1-048 

la 

1-450 

66-1 

1  838 

46-2 

1-189 

26-3 

1-043 

6-4 

1-446 

65-3 

1-332 

45-4 

1-183 

25-5 

1-037 

6-6 

1-442 

64-5 

1-327 

44  6 

1-177 

24-7 

10J^2 

4-8 

1  -4i«) 

6:i-8 

1-822 

43-8 

1171 

23^ 

1-027 

4-0 

1  -4% 

63  0 

1-816 

43-0 

11 65 

23-1 

1021 

3^ 

1-431 

62-2 

1-311 

42  2 

1-169 

22-8 

1-016 

2-4 

1-427 

61-4 

1-306 

41-4 

1153 

21-5 

1011 

1-6 

1-423 

60-6 

1-800 

40-4 

1146 

20-7 

1005 

0« 
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TABLE  lY. 


SbowiDg  the  percentages  of  hydrated   acid  corresponding  to  various 
specific  gravities  of  aqueous  Acetic  Acid^  by  Mohr. 


Spedflc 

t2 

a  J3 

Speciflr 

• 

Speciflc 

^2 

Specific 

Specific 

•82 

gravity. 

Percei 

hydral 

1 

gravity. 

gravity. 

Percei 
hydrai 

gravitj'. 

1% 

gravity. 

11 

1-0635 

100 

1  0735 

80 

1067 

•  60 

1  051 

40 

1-027 

20 

10655 

90 

10735 

79 

1-066 

59 

1  mo 

39 

1026 

19 

1-0670 

98 

!    10732 

78 

1-066 

58 

1-049 

38 

1  025 

18 

1-0680 

97 

1  0732 

77 

1  065 

57 

1048 

87 

1024 

17 

10690 

96 

10730 

76 

1064 

56 

1047 

36 

1023 

16 

1-0700 

93 

1  0720 

75 

1064 

55 

1046 

35 

1022 

15 

10706 

94 

1  -0720 

74 

1  063 

54 

1045 

34 

1  020 

14 

10708 

93 

1  0720 

73 

1063 

53 

1-044 

33 

1-018 

13 

10716 

92 

1-0710 

72 

1  082 

52 

1042 

32 

1017 

12 

10721 

91 

107iO 

71 

1061 

51 

1-041 

31 

1016 

11 

1  -0730 

90 

1-0700 

70 

1060 

50 

1-040 

30 

1015 

10 

1-0730 

89 

10700 

09 

1  059 

49 

1  039 

29 

2  013 

9 

1-0730 

88 

10700 

68 

1  058 

48 

1038 

28    1 

1012 

8 

1-0730 

87 

1  oimo 

67 

1056 

47 

1  036 

27 

1010 

7 

1  -0730 

80 

IWJOO 

66 

1-055 

4() 

1  03.-) 

26 

1-008 

6 

1  -0730 

85 

1-0680 

65 

1  055 

45 

1  0:^ 

25 

1  OOT 

5 

.  10730 

84 

1  •0(J80 

64 

1  -054 

44 

1  •0:}3 

24 

1  -005 

4 

10730 

83 

1  0680 

63 

1-053 

43 

1032 

23 

1-004 

3 

1^30 

82 

1  -0670 

62 

1  •a'52 

42 

1-031 

22 

1-002 

2 

1  -0732 

81 

1-0(570 

61 

1     1051 

41 

1-029 

21 

1001 

1 

whicb  it  is  to  be  used.  Care  sbould  be  taken  to  bring  upon  the  filter 
Boine  of  the  excess  of  lime  that  is  suspended  in  the  liquid,  so  that  the 
latter  may  acquire  no  carbonic  acid  from  the  air.  This  clear  liquid 
thus  obtained  in  a  pota.sh-lye  containing  lime  in  solution.  If  ox))ose(l 
to  the  air,  the  carbonic  acid  that  is  absorbed  separates  as  carbonate  of 
lime,  leaving  the  liquid  perfectly  caustic. 

It  now  remains  to  determine  with  the  greatest  accuracy,  Ist,  the  vol- 
ume of  alkali  which  neutralizes  a  cubic  centimetre  of  the  acid,  and,  2d, 
thft  amount  of  SO^  contained  in  a  cubic  centimetre  of  the  latter. 

As  a  means  of  recognizing  the  point  of  neutralization,  tincture  of 
cochineal  possesses  great  advantages  over  solution  of  litmus.  The 
knowledge  of  this  fact  is  due  to  LucKOW,  who  has  detailed  its  applica- 
tion in  Jour,  far  ^ract,  Cfiem.y  Ixxxiv.,  p.  424.  Tincture  of  cochineal 
is  prepared  by  digesting  and  frequently  agitating  thi-ee  gi*ammes  of  pul- 
verized cochineal  in  a  mixture  of  50  cubic  centimetres  of  strong  alcohol 
with  200  c.  c.  of  distilled  water,  at  ordinary  tempei-atures,  for  a  day  or 
two*     The  solution  is  decanted,  or  filtered  through  Swedish  paper. 

The  tincture  thus  prepared  has  a  deep  ruby-red  color.  On  gradually 
dilating  with  pure  water  (free  from  ammonia),  the  color  becomes  orange 
and  finally  yellowish-orange.  Alkalies  and  alkali-eai-ths  as  well  as  their 
carbonates  cliange  the  color  to  a  carmine  or  violet-carmine.  Solutioiia 
of  strong  acid  and  acid  salts  make  it  orange  or  yellowish -orange. 
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To  deitrmine  Hie  volumetric  relation  of  the  alkali  and  acid,  a  given 
volume  of  tho  latter,  e.  g.  20  c.  c,  is  measured  off  into  a  wide-mouthed 
flask,  ten  drops  of  cochineal-tincture,  and  about  160  c.  c.  of  water  are 
added — the  alkali  is  now  allowed  to  flow  in  from  a  burette,  until  the 
yellowish  liquid  in  the  flask,  suddenly,  and  by  a  single  drop,  acquires  a 
violet-carmine  tinge. 

In  nicer  determinations,  it  is  important  to  bring  the  liquid  each  time 
to  a  given  volume,  by  adding  water  after  the  neutralization  is  nearly  fin 
ished.  For  this  purj^ose,  two  or  more  flasks  of  equal  capacity  are  se- 
lected, and  on  the  outside  of  each  a  strip  of  paper  is  gummed  to  indicate 
the  level  of  the  proper  amount  of  liquid,  e.  g.  200  c.  c.  The  same 
amount  of  coloring  matter  being  thus  always  diffused  in  the  same  vol- 
ume of  the  same  water,  the  errors  of  varying  dilution  and  varying 
amount  of  ammonia  (which  is  rarely  absent  from  distilled  water)  are 
avoided.  The  contents  of  one  flask,  in  which  the  neutralization  has 
been  satisfactorily  eftefcted,  may  be  kept  as  a  standard  of  color  for  the 
succeeding  tiials,  as  the  tint  remains  constant  for  hours,  being  unaffected 
by  the  absorption  of  carbonic  acid.  The  gi'eatest  convenience  and  ac- 
curacy of  measurement  are  obtained  by  using  burettes  provided  with 
Erdmann's  swimmer  (See  p.  30.) 

When  three  or  four  accordant  results  have  been  obtained,  the  average 
is  taken  as  expressing  the  relative  strength  of  the  acid  and  alkalL 

To  ascertain  the  absolute  standard,  weigh  off  in  a  small  platinum  cru- 
cible about  0*8  grm.  of  pure  carbonate  of  soda,  ignite  to  dull  redness, 
cool  and  weigh  accurately  :  biing  the  crucible  with  its  contents  into  one 
of  the  wide-mouthed  flasks  and  let  flow  from  the  burette  a  slight  excess, 
e.  g.  50  c.  c,  of  standaitl  acid.  The  solution  of  carbonate  of  soda  is 
facilitated  by  warming,  and,  finally,  the  content43  of  the  flask  are  gently 
boiled  for  several  minutes  to  expel  carbonic  acid.  The  solution  is  now 
allowed  to  become  pei\fectly  cold,  then  add  ten  drops  of  cochineal  and 
lastly  the  standard  alkali  to  neuti-alization,  diluting  to  the  proper  vol- 
ume. 

To  illustrate  the  accuracy  of  the  process  and  the  calculations  employed, 
the  following  actual  data  may  be  useful.  The  normal  acid  was  made  by 
diluting  60  c.  c.  of  oil-of-vitriol  to  the  volume  of  ten  litres  and  had  half 
the  strength  above  recommended.  The  alkali  was  from  a  stock  on  hand 
and  more  dilute  than  necessary. 

HekUion  of  acid  to  aUealL 

Exp.  1.,  20  a  c.  S03=32-8  c.  c.  KO,  or  1  :  164 
Exp.  IL,  20  c.  c.  SOj  =  32-8  c.  c.  KO,  or  1  :  1-64 
Exp.  III.,      40  c.  c.  S03=C5'7  c  c.  KO,  or  1  :  1-G425 

We  have  accordingly:  • 

Ice  S03=l-64  c.  c.  KO  and  1  c.  c  KO =0-60976  c.  c.  SOj 

Absolute  strength  of  add  and  alkali. 

Exp.  I.  0*4177  grm.  of  carbonate  of  soda  were  treated  with  44*2  of  SOs- 
£o  neutralize  the  excess  of  the  acid  were  required  3*8  c.  c,  KO,  which  cor- 
respond to  2-32  c.  c  SOj(3-8  X  0*60976).  Deducting  this  from  the  total 
amount  of  add  (44*2— 2*32)  we  have  41*88  c.  a  of  acid,  equivalent  to  the 
carbonate  of  soda  taken. 
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41-88  c.  c.  solution  of  S03  =  0-4197  grm.  NuO  CO^. 

Exp.  II.  0-4126  grm.  NaO  Co^  treated  with  44  c.  c.  SOg  required 
4-28  c.  c.  KO.  4-28x0-60976=2-61  c.  c.  SO3.  44-2-61  =41-39 
c.  c.  SO3. 

41-39  c.  c.  solution  of  SO3=0-4126  grms.  NaO  CO2. 

It  is  convenient  to  calculate  how  much  acid  corresponds  to  53  deci- 
grammes of  carbonate  of  soda,  since  the  relation  of  any  other  substanci< 
to  the  acid  is  then  obtained  by  substituting  its  equivalent  number  for  53 
(the  equivalent  of  NaO  CO^),  in  the  following  equation,  thus : 

gim&  NaO  GOt  a  c.  SOa 

L      0-4177  :  0-53     : :     41-88  :  53-14 
11.      0-4126  :  0-63     : :     41-39  :  53-17 

Accordingly  0*53  grm.  NaO  CO^^  neutralize  53-155  c.  c.  SO3. 

If,  for  example,  the  solutions  are  employed  for  nitrogen  estimationa 
(§  185),  we  learn  how  much  nitrogen  corresponds  to  1  c.  c.  of  acid,  by  the 
following  proportion : 

a  c.  SOa  gnn.  N. 


/ ^ X 


53-155  : 1      : :     0-140  :  0-002634 

We  may  then  write  on  the  label  of  the  acid  bottle  the  following  data 
for  calculation. 

1  c.  c.  KO  =0-60976  c.  c.  SO3. 
1  c.  c.  SO3  =1-64  c.  c.  KO. 
1  c.  c.  SO.,   =0-002634  grm.  N. 

According  to  Luckow,  cochineal  is  quite  indifferent  to  carbonic  and 
Bulphydric  acids,  carminic  acid  being  stronger  than  these.  This  is  prao« 
tically  true  for  solutions  of  considerable  strength.  Mence  a  Normal  Al- 
kali/or  technical  antdysis  may  be  prepared  by  simply  dissolving  53  grms, 
of  pure  wnd  anhydrovs  carbo7iate  of  soda  in  a  litre  of  water.  To  make  a 
normcU  acid  mix  1050  c.  c.  of  water  with  60  grm.  of  concentrated  sul- 
phuric acid,  let  cool  and  ascertain  as  just  described  how  many  c.  c.  of 
this  acid  neutralize  50  c.  c.  of  normal  carbonate  of  soda.  Suppose  48*6 
c.  c.  are  required,  then  50—  48*6  =  1-4  c.c.  of  water  must  be  added  to  every 
48-6  c.  c.  of  acid  to  make  it  normal.  For  a  litre  of  normal  acid  48*6  x 
20  972  c.  c.  of  this  acid  and  28  c.  c.  of  water  should  be  mixed.  As  it  is 
difficult  to  do  this  with  accuracy,  we  ascertain  how  much  water  is 
needed  to  bring  1000  c.  c.  of  the  acid  to  the  normal  strength.. 

972  :  1000  : :  28  :  05 
X  =  28-8 

Fill,  therefore,  a  flask  holding  a  litre  to  the  mark  with  the  acid,  add 
from  a  burette  28*8  c.  c.  of  water  and  mix.  Test  finally  the  acid  against 
the  alkali  to  be  certain  that  equal  volumes  neutralize  each  other. 

Decinormal  solutions  may  be  prepared  by  diluting  100  c.  c.  of  the  normal 
•olutions  to  a  litre,  or  taking  5-3  gi*ms.  of  carbonate  of  soda  as  the  stai-ting 
point.  In  the  neuti-alization  it  is  not  needful  to  expel  carbonic  acid  by 
boiling.  The  influence  of  the  latter  is  however  at  once  seen  when  a  caustic 
and  carbonated  alkali  are  operated  with  side  by  side.  In  case  of  the 
former,  the  point  of  neutralization  (or  rather  of  supersaturatiou);  is 
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sLown  by  a  prompt  and  decisive  change  from  a  .int  in  which  orange 
predominates,  to  one  in  which  this  disappears  and  viokt  is  most  marked. 
In  presence  of  carbonic  acid  the  change  ii  somewhat  gradual,  and  though 
a  red  color  is  produced  it  is  modified  by  an  orange  tint,  even  in  pres%- 
ence  of  a  large  excess  of  alkali.  Hence,  it  is  to  be  recommended,  espe- 
cially in  nice  inyestigations,  tp  employ  a  caustic  alkali.  A  triflle  les.s 
of  it  will  be  found  needful  to  neutralize  a  given  volume  of  acid,  than  is 
requii*ed  of  a  carbonated  solution,  and  no  doubt  will  exist  as  to  the  point 
of  saturation.* 

This  indifference  towards  carbonic  acid  is  a  great  advantage  in  nice 
analyses,  in  that  the  time  consumed  for  ejecting  neutralization  is 
without  influence  on  the  result.  When  litmus  is  used  and  the  point 
of  neutralization  is  reached,  a  short  exposure  to  the  air  suffices  to  redden 
the  liquid  again.  If  the  operator  is  obliged  to  proceed  slowly,  he  will 
require  somewhat  more  alkali  than  when  he  operates  rapidly ;  a  portion 
of  it  being  neutralized  by  atmospheric  carbonic  acid.  With  cochineal, 
the  result  is  independent  of  the  small  amount  of  carbonic  acid  that  caD 
come  from  the  air.  The  permanence  of  the  color  also  allows  several  ti- 
trations to  be  compared  directly  together. 

Another  advantage  of  cochineal  is,  that  its  solution,  prepared  as  above 
described,  may  be  preserved  indefinitely  in  closed  vessds,  without  de- 
colorize tion  or  alteration. 

b.  The  Actual  Analysis. — It  is  only  necessary  te  weigh  or  measure  off 
a  quantity  of  the  acid  to  be  examined  and  ascei-tain  how  much  standard 
alkali  is  required  for  its  neutralization,  as  has  been  detailed.  The  selec- 
tion of  the  alkaline  fluid  depends,  of  course,  entirely  upon  the  quantity 
of  acid  to  be  neutralized.  The  neutralization  of  the  weired  or  measured 
acid  fluid  should  take  about  15 — 30  c.  c. 

In  scientific  investigations,  I  recommend  the  weighing  of  indeterminate 
quantities  of  the  acid  fliiid,  as  the  weighing  of  definite  quantities  on  a 
chemical  balance  is  troublesome,  and  the  trouble  of  calculation  is  not 
worth  mentioning.  Suppose,  for  instance,  you  have  weighed  ofl'  4*5 
grm.  of  a  dilute  acetic  acid,  and  used  25  c.  c.  normal  solution  of  soda  to 
neutralize  this,  you  find  by  the  proportion, 

1000  :  25  : :  60  (eq.  C,  H^  O^)  :  a?;  a;=l-5, 

that  1*5  grm.  of  hydrated  acetic  acid  are  contained  in  the  weighed 
quantity  of  the  dilute  acid  ;  and  another  proportion,  viz., 

4-5  :  1-5  ::  100:a;  a;=33-33 

gives  the  percentage  of  hydrated  acetic  acid  contained  in  the  analyzed 
fluid.     Or,  the  calculation  may  also  be  made  as  follows: — 

4*5  grm.  of  the  acetic  acid  examined  having  required  25  c.  c.  of  normal 

*  Collier  has  made  some  experiments  with  a  sulphuric  acid  containing  35  a  c. 
oil  of  vitriol  to  the  litre,  and  a  solution  of  carbonate  of  soda,  and  he  found,  whctn 
CO,  was  expelled  by  boilinp,  that  10  c.  c.  S03=7«6  and  7-07  c.  c.  of  NaO  CO  ; 
when  CO  J  was  not  expelled,  10  c.  c.  SOa=7G8  and  7  7.  These  results  are  as 
good  as  identical.  In  standarding  the  much  weaker  acid  above  mentioned, 
he  obtained  for  it  a  value  slightly  too  low  when  CO  a  was  not  removed.  0-53 
g^nn.  NaO  COfl  requii'ed  in  this  case  but  53*05  c.  o.  SOs  instead  of  53*15^') 
as  in  the  other  instances.  This  is  a  very  slight  di£fcreAce  and  not  appreciable 
perhaps  with  ordinary  burettes,  but  it  is  a  constant  and  perceptible  differ- 
ence. What  is  of  more  importfinoe  is  the  uncertainty  as  to  the  point  of  nen- 
fcralization. 
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solution  of  soda  for  neutralisation,  how  much  would  6  grm.  {i,e,  ibe 
weight  of  1^  eq.  grm.  hydrated  acetic  acid)  require  ? 

4-5  :  6  ::  25  :  05;  x=33-33 

It  is  evident  that  in  this  case  the  number  of  c.  c.  found  as  x  expresses 
the  percentage  of  hydrated  acetic  acid,  since  100  c.  c.  of  normal  solution 
of  soda  correspond  to  -f^  eq.  grm.  pure  hydrated  acid,  %,  e.  acetic  acid  of 
100  per  cent. 

In  technical  analyses  it  is  more  convenient  if  the  number  of  c.  c.  or 
half  c.  c.  used  of  the  normal  solution  of  soda  expresses  directly  the  })er- 
ceutage  of  hydrated  or  anhydrous  acid  contained  in  the  examined  fluid. 
For  this  purpose,  the  ^  or  ^^  equivalent  number  (H=l)  of  gi-animes 
of  the  anhydrous  or  hydrated  acid,  are  weighed  oif  according  as  the 
number  of  c.  c.  or  half  c.  c.  of  normal  alkali  used,  ai'e  to  express  the 
percentage  of  hydrated  or  anhydrous  acid  contained  in  the  analyzed 
fluids. 

The  following  are  the  quantities  for  the  more  common  acids : — 


■j^  Eq.  number 

Vff 

Eq.  number 

Sulphuric  acid 
Hydrated  sulphuric  acid    . 
Nitric  acid 

of  grammes. 
.     4-0 
.     4-9 
.     6-4 

of 

grammes. 
.     2-00 
.     2-45 
.     2-70 

Hydrated  nitric  acid 
Hydrochloric  acid     . 
Oxalic  acid 

.     6-3 
.     3-646 
3-6 

.     3-15 
.     1-823 
.     1-80 

Crystallized  oxalic  acid 
Acetic  acid 

6-3 
.     5-1 

.     315 
2-55 

Hydrated  acetic  add 
Tartaric  acid    . 

.     6-0 
•     6-6 

.     3-00 
.     3-30 

Hydrated  tartaric  acid 

.     7-5 

•  .  • 

1  " 

.     3-75 
■  1      11     1 

But,  as  the  weighing  of  definite  small  quantities  would  hardly  be 
accurate  enough,  it  is  preferable  to  weigh  ofi'  the  half  eq.  grm.  of  the 
acids  (i.  e,  20  or  24'5  grm.  of  sulphuric  acid,  according  to  whether  it  is 
intended  to  find  the  percentage  of  anhydrous  or  of  hydrated  acid;  18*23 
of  hydrochloric  acid,  &c,)  in  a  measuring  flask  holding  500  c.  c,  add 
water  cautiously,*  allow  to  cool  if  necessary,  fill  up  with  water  to  the 
mark,  shake,  and  then  remove,  by  means  of  the  pipette,  100  or  50  c.  c, 
according  to  whether  i[V  ^^  sV  ^^*  S'™*  ^^  is  to  be  used. 

c  Deviadoiu  from  Oie  presiding  meUhod  of  Analysis, 

a.  It  is  often  preferred  to  have  the  alkali  of  such  a  strength  that  the 
c.  c.  or  the  half  c.  c.  employed  to  neutralize  a  round  number  of  grm.  or 
c.  c.  of  an  aqueous  acid  may  express  at  once  the  percentage  of  real  acid. 
For  instance,  if  we  add  20  c.  c.  water  to  1000  c.  c.  normal  soda  solution, 
these  1020  c.  c.  will  saturate  51  (1  eq.)  grm.  anhydrous  acetic  acid, 
1000  c.  c.  therefore  saturate  50  gnn.  Hence  if  we  take  10  grm.  of  vine- 
gar (10  c.  c.  will  do  instead,  as  the  specific  gravity  of  vinegar  scarcely 
differs  from  that  of  water),  and  add  our  diluted  solution  of  soda  to  satu- 

iir  -  ■  ■ ■ > 

*  In  the  case  of  concentrated  sulphuric  acid,  the  flask  must  be  half  fall  of 
water  before  the  acid  is  weighed  into  it. 
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ration,  the  c.  c.  used,  divided  by  2,  will  express  the  percentage  of  anhj- 
drous  acetic  acid  in  the  s|>ccinien  of  vinegar  examined.* 

$.  If  the  color  of  a  fluid  conceals  the  change  of  the  dissolved  cochineal, 
or  if  salts  of  iron  be  present,  we  uae  red  litmus  or  turmeric  paper  to  hit 
the  point  of  neutralization,  i.  e.,  we  add  alkali  till  a  stiip  of  test  paper 
dipped  in  just  indicates  a  weak  alkaline  reaction.  In  this  case  more 
alkali  will  be  employed  than  when  cochineal  can  be  used  in  solution, 
and  in  exact  determinations  it  may  be  worth  while  to  rectify  the  error 
by  a  correction.  This  may  be  done  by  taking  a  like  quantity  of  watei 
and  adding  soda  solution,  till  the  fluid  just  gives  a  reaction  on  the  test 
paper  in  question,  as  strong  as  was  obtained  at  the  dose  of  the  first  ex* 
perimont.  The  quantity  of  alkali  used  is  of  course  to  be  deducted  fix>ni 
the  quantity  employed  in  the  first  experiment. 

d.  Application  of  tlie  Acidimetric  principle  to  the  determination  of 

combined  oAda, 

The  acidimetric  principle  may  oflen  be  employed  also  for  the  deter- 
mination of  acids  in  combination  with  bases,  if  solution  of  carbonate  of 
soda  precipitates  the  latter  completely,  and  in  a  state  of  purity.  F<»r 
instance,  acetic  acid  in  iron  mordant,  or  in  verdigris,  may  be  estimated 
in  this  wtiy,  by  the  following  process: — Precipitate  with  a  measuiied 
quantity  of  normal  solution  of  carbonate  of  soda  in  excess,  boil,  filter, 
wash,  concentrate  the  filtrate,  add  cochineal  and  normal  acid  to  neu- 
tralization. Subtract  the  c.  c.  of  standard  acid  used,  from  the  c.  o^ 
of  soda  solution  consumed  in  the  experiment :  the  difierence  expresses 
the  quantity  of  soda  solution  neutralized  by  the  acid  contained  in  the 
substance,  in  combination  as  well  as  in  the  free  state.  Of  course,  cor- 
rect results  can  be  expected  only  if  no  basic  salt  has  been  thrown  down 
by  the  soda  solution. 

e.  Determination  of  combined  acids  by  Cfibbs*  method.     See  §  149,  ii., 

c,  7,  p.  330. 

Modification  of  the  cohhon  Acidimetric  Method  (KisFEBf). 

§205. 

Instead  of  estimating  free  acid  by  a  solution  of  soda  of  known  strength, 
and  dettn*niining  the  neutralization  point  by  means  of  cochineal  tincture, 
an  ammoniacal  solution  of  oxide  of  copper  may  be  used  for  the  pur- 
pose, in  which  case  the  neutralization  point  is  known  by  the  turbidity 
observed  as  soon  as  the  free  acid  present  is  completely  neutralized.  The 
copper  solution  is  prepared  by  adding  to  an  aqueous  solution  of  sulphate 
of  copper,  solution  of  ammonia  imtil  the  precipitate  of  basic  salt  which 
forms  at  first  is  just  redissolved.  After  determining  the  strength  of  the 
solution  by  normal  sulphuric  or  hydrochloric  acid  (not  oxalic),  it  may  be 
emploved  for  the  estimation  of  all  the  stronger  acids  (with  the  exception 
of  oxalic  acid),  provided  the  fluids  are  clear.  The  basic  salt  of  copper, 
in  the  precipitation  of  which  the  final  reaction  consists,  is  not  insoluble 
in  the  ammonia  salt  foraied,  and  its  solubility  depends  on  the  degree  of 
concentration,  and  on  the  presence  of  other  salts,  especially  of  ammonia 
salts   (Carey  L£a|).      Hence  the  method  cannot  boast  of  scientifio 

*  ZeitBchrift  f.  analyt  Chem.  1.  253.  f  Annal  d.  Ghexn.  n.  Phann.  93,  3S6 

t  Chem.  News,  4,  195. 
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TABLE   I. 


Pei'centages  of  Anhydrous  Potassa  corresponding  to  different  specific 

gravities  of  solution  of  potassa. 


DaUon, 

T&nThermann  {at  15°). 

Specific 
gravity. 

Percentage 

of  anhydrous 

potiassa. 

Specific 
gravity. 

Percentage 

of  anhydrous 

potassa. 

Specific 
gravity. 

Percentage 

of  anhydroas 

potassa. 

1-60 
1-52 
1-47 
1-44 
1-42 
1-39 
1-36 
1-33 
1-28 
123 
119 
115 
111 
1-06 

46-7 
42-9 
39-6 
36-8 
34  4 
32  4 
29-4 
26-3 
23-4 
19-5 
16-2 
13-0 
9-5 
47 

1  -3300 
1  -3131 
1-2966 
1-2803 
1-2648 
1  -2493 
1-2342 
1-2268 
1  2122 
1  -1979 
1-1839 
11702 
1-1568 

28-290 
27  158 
26  027 
24-895 
23-764 
22-632 
21  -500 
20-935 
19-803 
18-671 
17-540 
16-408 
15-277 

11437 
1-1308 
1-1182 
1  -1059 
10938 
1-0819 
1-0703 
10589 
1-0478 
1-0369 
1-0200 
10153 
1-0050 

14-145 

13  013 

11-882 

10-750 

9-619 

8-487 

7-355 

6  224 

6-002 

3-961 

2-829 

1-697 

0-5658 

TABLE   II. 


Percentages  of  Akhydrous  Soda   corresponding  to  different   specific 

gravities  of  solution  of  soda. 


DaUm. 

Tunnermann  {at  15°). 

Specific 
gravity. 

Percentage 
of  anhy- 
drous soda. 

Specific 
gravity 

Percentage 

of  anhy- 
drous soda. 

Specific 
gravity. 

Percentage 

of  anhy- 
drous soda. 

Specific 
gravity. 

Percentage 

of  anhy- 
drous soda. 

1  -56 

41-2 

1  -4285 

30  220 

1-2982 

20-550 

1  -1528 

10-275 

1-50 

36-8 

1  -4193 

29-616 

1-2912 

19-945 

114^8 

9-670 

1-47 

34-0 

1-4101 

29  011 

1-2843 

19-341 

1  1330 

9  066 

1-44 

310 

1-4011 

28-407 

1  -2775 

18-730 

1-1233 

8-462 

1-40 

29-0 

1-3923 

27-802 

1-2708 

18-132 

11137 

7-857 

1^6 

26-0 

1-3836 

27-200 

1-2642 

17-528 

11042 

7-253 

1-32 

23  0 

1-8751 

26-594 

1  -2578 

16-923 

1-0948 

6-648 

1-29 

19-0 

1-3668 

25-989 

1-2515 

16-319 

1-0855 

6  044 

1-23 

16-0 

1-3586 

25-385 

1-2453 

15-714 

1  -0764 

5-440 

118 

13  0 

1  -3505 

24-780 

1-2392 

15-110 

1  0675 

4-835 

112 

9  0 

1-3426 

24176 

1-2280 

14-506 

1-0587 

4-281 

106 

4-7 

13349 

23-572 

1  -2178 

13-901 

1  -0500 

3-626 

1  -3273 

22  967 

1  -2058 

13-297 

1-0414 

3-022 

1  -3198 

22  363 

1-1948 

12-692 

1  -0330 

2-418 

1  -8143 

21  -894 

1-1841 

12-088 

1  -0246 

1-813 

1-3125 

21  -758 

1-1734 

11-484 

10163 

1-209 

1-3053 

21-154 

1-1630 

10-879 

10081 

0-604 

32 
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TABLE   III. 


Percentages  of  Ammonia  (N  H)  corresponding  tc    Jifierent  specific 
gravities  of  solution  of  ammonia  at  16^  (J.  Otto). 


Specific 

Percentage 
of 

Specific 

1 
Percentage 
of         1 
ammonia. 

1 

,  Specific 

Percentage 

of 
ammonia. 

gravity. 

ammonia. 

gravity. 

gravity. 

0-9517 

12-000 

0-9607 

9  625 

1 
0-9697 

7-250 

0-9521 

11-875 

0-9612 

9-500 

0-9702 

7-125 

0-9526 

11  -750 

0.9616 

9  375 

1  0-9707 

7-000 

0-9531 

11-625 

0-9631 

9-250 

0-9711 

6875 

0-9586 

11-500 

0  9626 

9125 

0-9716 

6-750 

0-9540 

11-375 

01^1 

9-000 

0-9721 

6-625 

0-9545 

11-250 

0-9686 

8-875 

0-9726 

6-500 

0-9550 

11125 

0  9641 

8-750 

!  0-9730 

6-375 

0i>555 

11-000 

0-9645 

8-025 

0-9735 

6-250 

0-9556 

10-950 

09650 

8  500 

0-9740 

6125 

0i>559 

10-875 

0-9654 

8-375 

0-9745 

6  000 

0-9564 

10-750 

0-9659 

8-250 

0-9749 

6-875 

0-9569 

10625 

0-9664 

8-125 

0-9754 

5-750 

0-9574 

10-500 

0-9669 

8  000 

0-9759 

6-625 

0-9578 

10-375 

0-9673 

7-875 

0-9764 

5-500 

0-9583 

10-250 

0-9678 

7-750 

0-9768 

6-375 

0-9588 

10-125 

0-9683 

7-625 

0-9778 

5-250 

0-9593 

10  000 

0-9688 

7-500 

0-9778 

6-125 

0-9597 

9-875     ' 

0-9692 

7-375 

0-9788 

6-000 

0-9603 

9-750 

accuracy,  but  as  the  variations  occanioned  by  the  causf^  mentioned  are 
inconsiderable,"^  the  process  retains  its  applicability  to  technical  purposes, 
for  which,  indeed,  it  was  originally  proposed.  This  method  is  of  especial 
value  in  cases  in  which  fi-ee  acid  is  to  be  determined  in  presence  of  a 
neutral  metallic  salt  with  acid  reaction — e.^.,  free  sulphuric  acid  in 
mother-liquors  of  sulphate  of  copper  or  sulphate  of  zinc,  &c.  It  is  advis- 
able to  determine  the  strength  of  the  ammoniacal  copper  solution  anew 
before  every  fi'esh  series  of  ex|)eriments. 

3.  Alkalimetry. 

A.  Estimation  of  Fotassa,  Soda,  ob  Ammonia,  fbom  the  Specuic 
Gravity  op  their  Solutions. 

§206. 

In  pure  or  nearly  pure  solutions  of  hydrated  soda  or  potassa,  or  of 
ammonia,  the  percentage  of  alkali  may  be  estimated  from  the  speciiic 
gravity  of  the  solution. 

B.  Estimation  of  the  total  Amount  of  Carbonated  and  Caustio 
Alkali  in  crude  Soda  and  in  Potashes. 

The  **  soda  ash  "  of  oommei  ce  is  a  crude  carbonate  of  soda — ^th« 


*  Compare  my  experiments  on  the  subject  in  the  Zeitschrift  f  analyt.  Ghem. 
.,108. 
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**  potashes  "  and  "  pearlash  ''  a  crude  carbonate  of  potash.  The  com- 
mercial value  of  tliese  aii;icles  depends  on  the  percentage  of  alkaline 
carbonate  (or  caustic  alkali)  that  they  contain,  which  is  very  variable. 

I.  Volumetric  Methods. 
Method  of  Descroizilles  and  Gay-Lussac,  dighdy  modified. 

§  207. 

The  principle  of  this  method  is  the  converse  of  that  on  which  the 
acidimetric  method  described  §  204,  is  based,  i.e.,  if  we  know  the  quan- 
tity of  an  acid  of  known  strength,  required  to  saturate  an  unknown 
quantity  of  caustic  potassa  or  soda,  or  of  carbonate  of  potassa  or  soda, 
we  may  readily  calculate  from  this  the  amouut  of  alkali  present. 

For  technical  analyses  we  may  employ  the  normal  sulphuric  acid, 
p.  493. 

For  the  analysis  we  may  conveniently  weigh  off  such  a  quantity  of 
the  8ubstance,that  the  number  of  c.  c.  of  acid  required  to  neutralize  it 
shall  directly  express  its  percentage  of  the  alkali  or  carbonate  sought. 

The  proper  quantities  of  the  compounds  of  potassa  and  soda  to  em- 
ploy are  ^^  Eq.  (H  =1)  expressed  in  grms.,  viz. : — 

Potassa,  K  0 4-711  grm. 

Hydrate  of  potassa,  KO,  HO 5-611  « 

Carbonate  of  potassa,  KO,  COa 6-911  « 

Bicarbonate  of  potassa,  KO,  HO,  2  COg lO'Oll  " 

Soda,  NaO 3-100  " 

Hydi-ate  of  soda,  NaO  HO 4-000  " 

Carbonate  of  soda  (dry)  NaO  CO, 5-300  " 

Crystallized  carbonate  of  soda,  NaO  CO^,  10  HO 14*300  " 

Bicarbonate  of  soda,  NaO  HO  2  CO^ 8-400  " 

WlUi,  regard  to  tlie  examination  ofpearUiah  hy  this  method^  the  follow- 
ing points  deser^'e  attention : — 

The  various  sorts  of  potash  of  commerce  contain,  besides  carbonate 
of  (and  caustic)  potassa, 

a.  J^eutral  salts  (e.//.,  sulphate  of  potassa,  chloride  of  potassium). 

h.  Salts  with  alkaline  reaction  (e,g,y  silicate  of  potassa,  phosphate  of 
potassa). 

e.  Admixtures  insoluble  in  water^  more  especially  carbonate,  phos- 
phate, and  silicate  of  lime. 

The  salts  named  in  a  exercise  no  influence  upon  the  results,  but  not 
so  those  named  in  b  and  c.  Those  in  c  may  be  removed  by  filtration ; 
but  the  admixture  of  the  salts  named  in  b  constitutes  an  irremediable, 
though  slight  Source  of  en-or : — that  is  to  say,  if  it  is  desired  to  coniine 
the  determination  to  the  caustic  and  carbonated  alkali.  But  as  regards 
th«)  estimation. of  the  value  of  pearlash  for  many  purposes,  the  term 
enor  cannot  be  applied  ;  as,  for  instance,  in  the  preparation  of  caustic 
potassa,  by  boiling  the  solution  with  lime,  the  alkali  combined  with 
silicic  acid  and  with  phosphoric  acid  is  converted,  like  the  carbonate, 
into  the  caustic  state. 

If  yon  are  not  satisfied  with  finding  the  percentage  of  available  alkali, 
but  desire  also  to  know  whether  the  remainder  consists  simply  of 
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foreign  salts,  or  whether  water  is  also  present,  the  determination  of  the 
latter  substance  must  precede  the  alksdimetric  examination.  The  same 
remark  applies  also  to  soda. 

With  regard  to  the  exaviination  of  soda  hy  this  method^  the  following 
points  deserve  attention  : — 

The  soda  of  commerce,  prepared  by  Leblanc's  method,  contains,  be- 
sides carbonate  of  soda,  always,  or  at  least  generally,  hydrate  of  soda, 
sulphate  of  soda,  chloride  of  sodium,  silicate  and  aluminate  of  soda,  and 
not  seldom  also  sulphide  of  sodium,  hyposulphite  and  sulphite  of  soda.* 

The  three  last-named  substances  impede  the  process,  and  interfere 
more  or  less  with  the"  accuracy  of  the  results,  llieir  presence  is  ascer- 
tained in  the  following  way  : — 

a.  Mix  with  sulphuric  acid ;  a  smell  of  sulphuretted  hydrogen  reveals 
the  presence  of  stdphide  of  sodium,  with  which  hyposulphite  of  soda  is 
also  invariably  associated. 

b.  Color  dilute  sulphuric  acid  with  a  drop  of  solution  of  permangan- 
ate of  potassa  or  chromate  of  potassa,  and  add  some  of  the  soda  under 
examination,  but  not  sufficient  to  neutralize  the  acid.  If  the  solution 
retains  its  color,  this  proves  the  absence  of  both  sulphite  and  hypostil- 
phite  of  soda ;  but  if  the  fluid  loses  its  color,  or  turns  green,  as  tiie  case 
may  be,  one  of  these  salts  is  ^^^esent. 

c.  Whether  the  reaction  described  in  h  proceeds  from  sulphite  or 
hyposulphite  of  soda,  is  ascertained  by  supersaturating  a  clear  solution 
of  the  sample  under  examination  with  hydrochloric  acid.  If  the  solu- 
tion, after  the  lapse  of  some  time,  becomes  turbid,  owing  to  the  separa- 
tion of  sulphur  (emitting  at  the  same  time  the  odor  of  sulphurous  acid), 
this  may  be  regarded  as  a  proof  of  the  presence  of  hyposulphite  of  soda ; 
however,  the  solution  may,  besides  the  hyposulphite,  also  contain  sul- 
phite of  soda.  With  respect  to  the  detection  of  sulphite  of  soda  in  the 
presence  of  hyposulphite,  comp.  "  Qual.  Anal.,"  p.  187. 

The  defects  arising  from  the  presence  of  the  three  compounds  in 
question  may  be  remedied  in  a  measure,  by  igniting  the  weighed  sanple 
of  the  soda  with  chlorate  of  |>otassa,  before  proceeding  to  saturate  it. 
This  operation  converts  the  sulphide  of  sodium,  hyposulphite  of  soda,, 
and  sulphite  of  soda  into  sulphate  of  soda.  But  if  hyposulphite  of  soda 
is  present,  the  process  serves  to  introduce  another  source  of  error,  as 
that  salt,  upon  its  conversion  into  sulphate  of  soda,  decompose-s  an 
equivalent  of  carbonate  of  soda,  and  expels  the  carbonic  acid  of  the 
latter  [Na  O,  S,0.,  +  40  (from  the  chlorate  of  potassa)  -h  Na  O,  CO,= 
2  (Na  O,  SO3)  4-  CO,]. 

The  pi*esence  of  silicate  of  soda  and  of  aluminate  of  soda  may  be 
generally  recognized  by  the  separation  of  a  pi*ecipitate  as  soon  as  the 
solution  is  satui-ated  with  acid.  If  you  intend  the  result  to  express  the 
quantity  of  carbonated  and  caustic  alkali  only,  the  presence  of  these 
two  bodies  becomes  a  slight  source  of  error,  but  if  you  wish  to  estimate 
the  value  of  the  soda  for  many  purposes,  no  error  will  be  caused. 

§208. 

Metlwd  of  Fr.  Mohr,  modified. 
instead  of  estimating  the  alkalies  in  tlie  direct  way  by  means  of  an 

*  Traces  of  cy&nide  of  sodium  are  also  occasioaally  found. 
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acid  of  known  strength,  we  may  estimate  them  also,  as  proposed  first  by 
Fr.  Mohr,*  by  supei-satiirating  with  standard  acid,  expelling  the  car- 
bonic acid  by  boiling,  and  finally  by  deterndning  by  solution  of  soda  the 
3xcess  of  standard  acid  added. 

This  process  gives  very  good  results,  and  is  therefore  particularly 
suited  for  scientific  investigations.  It  requires  the  standard  fluids  men 
tioned  in  §  204,  viz.,  a  standard  acid  and  standard  solution  of  soda.  Each 
of  these  fluids  is  filled  into  a  Mohr's  burette. 

The  process  is  as  follows  : — 

Dissolve  the  alkali  in  water,  and  add  a  measured  quantity  of  tincture 
of  cochineal ;  run  in  now  as  much  of  the  normal  acid  as  will  suflice  to 
impart  an  orange  tint  to  the  fluid  ;  then  boil,  and  i-emove  the  last  traces 
of  carbonic  acid,  by  boiling,  shaking,  blowing  into  the  flask,  and  finally 
sucking  out  the  air. 

Now  add  standard  solution  of  soda,  drop  by  drop,  until  the  color  just 
appears  violet.  There  is  no  difficulty  in  determining  the  exact  point  at 
which  the  reaction  is  completed. 

If  the  standard  solution  of  soda  and  the  normal  acid  are  of  correspond- 
ing strength,  the  number  of  c.  c.  used  of  the  soda  solution  is  simply 
deducted  from  the  number  of  c.  c.  used  of  the  acid.  The  remainder  ex- 
presses the  quantity  of  acid  neutralized  by  the  alkali  in  the  exandned 
sample.  If  the  two  standard  fluids  are  not  of  corresponding  strength, 
the  excess  of  acid  added,  and  subsequently  neutralized  by  the  soda  solu- 
tion, is  calculated  from  the  known  proportion  the  one  bears  to  the  other. 

If  •j'y  eq.  number  (H=l)  of  grammes  have  been  weighed  of  the  alka- 
lies to  be  valued,  of  soda  accordingly,  5*3  grm.,  of  pearlash  6*91  grm., 
the  number  of  c.  c.  used  of  the  normal  acid  expresses  directly  the  per- 
centage of  carbonate  of  soda  or  carbonate  of  potassa  contained  in  the 
examiufed  sample ;  since  100  c.  c.  of  the  normal  acid,  containing  y^  eq. 
grm.  acid  will  just  suffice  to  neutralize  -|^  eq.  grm.  pure  carbonate  of  soda 
or  carbonate  of  potassa.f  If  any  other  quantities  of  the  alkalies  have  been 
weighed  off,  a  simple  calculation  will  give  the  result  in  the  desired 
form. 

To  make  this  simple  calculation  quite  clear  for  all  possible  cases, 
I  select  one  of  the  most  complicated  kind,  proceeding  upon  the  supposi- 
tion that  the  soda  solution  is  not  of  corresponding  strength  with  the 
normal  acid,  but  that  2*2  c.  c.  of  the  soda  solution  neutralize  1  c.  c.  of 
the  acid;  and  that  instead  o£ ^  eq.  grm.,  3*71  grm.  of  pearlash  have 
been  weighed  oflT. 

The  quantity  of  acid  added  was  48  c.  c. ;  the  excess  reqidred  4*3  c.  o. 
of  soda  solution  for  neutralization.     The  proportion 

2-2:1::  4-3  :x;  aj=l-95 

shows  that  the  excess  of  acid  wasl'QS  c.  c. ;  48  — 1*95  46*05  c.  c.  of  the 
acid  have  accordingly  been  consumed  by  the  pearlash.     The  proportion 

3-71  :  46-05  : :  6-91  {^  eq.  KO,  COa)  :  x]  35=85-77 

shows  that  the  examined  pearlash  contains  85*77  per  cent,  of  the  pure 
carbonate. 

With  regard  to  cei-tain  variations  from  the  ordinary  course  which  are 
occasionally  convenient,  comp.  p.  495. 

»  AimaL  d.  Chem.  u.  Pharm.  86,  120.  f  Of  100  per  cent. 
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§209. 

Tbore  now  still  remain  two  questions  to  be  considered,  which  are  of 
impoftauce  for  the  estimation  of  the  commercial  value  of  potash  and  soda. 
The  first  concerns  the  separate  determination  of  the  caustic  alkali,  which 
the  sample  under  examination  may  contain  besides  the  carbonate ;  the 
second,  the  determination  of  carbonate  of  soda  in  presence  of  carbonate 
of  potassa. 

C.  Determination  of  the  Caustic  Alkali  which  Comkercial 
Alkali  may  contain  beside  the  Carbonate. 

Many  kinds  of  potashes  and  crude  soda,  more  especially  the  latter, 
contain,  besides  alkaline  carbonate,  also  caustic  alkali ;  and  the  chem- 
ist is  often  called  upon  to  determine  the  amount  of  the  latter ;  as  it  is, 
for  instance,  by  no  means  a  matter  of  indifference  to  the  soap-boiler 
how  much  of  the  soda  is  supplied  to  him  already  in  the  caustic  state. 
This  may  be  effected  as  follows : 

Weigh  off  ^\  eq.  grm.  substance ;  of  potashes  accordingly,  20"73  grro., 
of  soda  15*9  grm. ;  dissolve  in  water,  in  a  flask  holding  300  c.  c,  fill  up 
to  the  mark,  shake,  allow  the  fluid  to  deposit  out  of  contact  of  air,  and 
take  out  two  portions  of  100  c.  c.  each.  Determine  in  the  one  portion 
the  total  quantity  of  the  carbonated  and  caustic  alkali,  as  directed  § 
208  ;  the  number  of  c.  c.  of  normal  acid  used  expresses  the  amount  of 
caustic  alkali  +  alkaline  carbonate,  in  per-cents.  of  the  latter.  Transfer 
the  other  portion  to  a  measuring-flask  holding  300  c.  c,  add  100  c.  c.  of 
water,  then  solution  of  chloride  of  baiium  as  long  as  a  precipitate  forms, 
add  water  up  to  the  mark,  shake,  allow  to  deposit  out  of  contact  of  air,* 
measure  off  100  c.  c.  of  the  supernatant  clear  fluid — which  now  contains 
caustic  baryta  in  corresponding  quantity  to  the  caustic  alkali  present  in 
the  sample — add  some  tincture  of  cochineal,  then  noional  nitric  acid  (see 
§  210),  to  acid  reaction.  Neutralize  the  excess  of  acid  by  noinnal  solu- 
tion of  soda,  and  you  will  find  the  c.  c.  of  normal  acid  that  have  been  re- 
quired by  the  caustic  baryta.  Multiply  this  by  3  (as  only  \  of  the  sec- 
ond portion  has  been  employed  in  the  experiment)  ;  the  result  gives  the 
percentage  of  caustic  alkali,  expressed  as  carbonate  of  soda  or  potassa. 
Deduct  this  number  from  the  percentage  obtained  in  the  first  experi- 
ment ;  the  difference  gives  the  quantity  of  carbonate  of  potassa  or  soda 
present  ^  such.  To  calculate  the  caustic  alkali  into  the  anhydrous  or 
hydrated  state,  it  is  only  necessary  to  multiply  by  the  numbers  given  in 
the  first  method. 

D.  Estimation  of  Cabbonate  of  Soda  in  presence  of  Carbonatk 
OF  Potassa. 

Soda  being  much  cheaper  than  potash,  is  occasionally  used  to  adulter- 
ate the  latter.  The  common  alkalimetric  methods  not  only  fail  to  de- 
tect this  adulteration,  but  they  give  the  admixed  soda  as  carbonate  of 
potassa.  Many  processesf  have  been  proposed  for  estimating  in  a  sim- 
ple way  the  soda  contained  in  potash,  but  not  one  of  them  can  be  said 
to  satisfy  the  requirements  of  the  case. 

*  Filtering  through  a  dry  filter  causes  the  caustic  alkali  to  come  out  rather  toe 
low,  as  the  paper  retains  caustic  baryta  (A.  Milller,  Joum.  f.  prakt.  Chem.  ^, 
884;  Zeitschrift  f .  analyt  Chem.  1,  84). 

t  Comp.  Handworterbuch  der  Chemie,  2  Aufl.  L  443. 
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The  following  tolerably  expeditious  process,  however,  gives  accurate 
results: — Dissolve  6*25  grm.  of  the  gently  ignited  pearlash  in  water, 
filter  the  solution  into  a  quarter-litre  flask,  add  acetic  acid  in  slight  ex- 
cess, apply  a  gentle  heat  until  the  carbonic  acid  is  expelled,  then  add  to 
the  fluid,  while  still  hot,  acetate  of  lead,  drop  by  drop,  until  the  forma- 
tion of  a  precipitate  of  sulphate  of  lead  just  ceases ;  allow  the  mixture 
to  cool,  add  water  up  to  the  mark,  shake,  allow  to  deposit,  filter  through 
a  dry  filter,  and  transfer  200  c,  c.  of  the  filtrate,  corresponding  to  5  grm. 
of  pearlash,  to  a  J -litre  flask.  Add  sulphuretted  hydrogen  water  up  to 
the  mark,  and  shake.  If  the  acetate  of  lead  has  been  carefully  added, 
the  fluid  will  now  smell  of  sulphuretted  hydrogen,  and  no  longer  con- 
tain lead  ;  in  the  contrary  case,  sulphuretted  hydrogen  gas  must  be  con- 
ducted into  it.  After  the  sulphide  of  lead  has  subsided,  filter  through 
a  dry  filter.  Evaporate  50  c.  c.  of  the  filtrate  (corresponding  to  1  grm. 
of  pearlash)  with  addition  of  10  c.  c.  hydrochloric  acid,  of  1*10  sp.  gr., 
in  a  weighed  platinum  dish,  to  dryness,  then  cover  the  dish,  heat,  and 
weigh ;  the  weight  found  expresses  the  total  quantity  of  chloride  of 
potassium  and  chloride  of  sodium  given  by  1  grm.  of  the  pearlash. 
Estimate  the  potassa  and  soda  now  severally  in  the  indirect  way,  by 
determining  the  chlorine  volumetrically  (§  141,  I.,  6).  For  the  calcu- 
lation of  the  results,  see  §  197. 

4.  Estimation  of  Alkaline  Earths  by  the  Alealimetrig  Method. 

§  210. 

Alkaline  earths,  in  the  caustic  state  or  in  the  form  of  carbonates, 
may  also  be  estimated  by  means  of  a  standard  acid.  Standard  sul- 
phuric acid  may  be  used  for  the  estimation  of  magnesia ;  standard  nitric 
acid  for  that  of  baryta,  strontia,  and  lime.  To  prepare  1  litre  of  normal 
nitric  acid  you  require  a  pure  dilute  nitric  acid  of  about  1*04  sp.  gi\, 
and  also  a  normal  soda  solution  (or  at  least  a  soda  solution  whose  i-e- 
lation  to  normal  sulphuric  acid  is  exactly  known). 

Fill  a  MoHR^s  burette  with  the  nitric  acid,  measure  off  20  c.  c. ; 
color  with  tincture  of  cochineal  and  add  normal  solution  of  soda  from 
a  second  burette  to  alkaline  reaction.  Bepeat  the  expeiiment.  Sup- 
pose 20  c.  c.  of  the  acid  have  required  24  c.  c.  of  normal  soda  solution, 
add  to  every  20  volumes  of  the  acid  4  volumes  of  water.  For  the  pro- 
j)er  way  of  effecting  the  dilution,  see  p.  493  (Preparation  of  Normal  Sul- 
phuric Acid).  After  diluting,  measure  off"  20  c.  c,  and  neutralize  with 
the  normal  solution  of  soda,  of  which  it  must  now  take  exactly  20  c.  c. 

It  will  be  well  to  verify  the  normal  nitric  acid  in  the  manner  dii^ct- 
ed,  p.  492. 

If  the  alkaline  earth  to  be  estimated  is  in  the  caustic  state,  weigh  off*  a 
definite  quantity,  add  water,  then,  from  a  burette  normal  nitric  acid, 
until  solution  is  effected,  and  the  fluid,  colored  with  cochineal,  appears 
orange;  now  add  soda  solution  until  the  color  just  changes  to  violet; 
deduct  the  soda  solution  added  from  the  acid,  and  calculate  by  the  pro- 
portion 

1000  (c  c.)  :  the  number  of  c.  c.  of  acid  used 


76'5  (eq.  baryta),  51*75  (eq.  strontia),  28  (eq.  lime)  or  20  (eq.  magnesia) 
:  X  (grm.  of  baryta,  strontia^  lime,  or  magnesia). 
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Should  there  be  a  failure  the  first  time  in  determining  the  exact  point 
at  which  the  fluids  turn  violet,  add  another  c.  c.  of  the  acid,  and  then 
again  solution  of  soda  until  violet. 

In  the  case  of  carbonates  of  the  alkaline  earths,  heat  a  weighed  quan- 
tity of  the  sample,  in  a  flask,  with  water ;  then  add,  from  the  burette 
small  portions  of  normal  nitric  acid.  When  solution  is  effected  and 
the  acid  is  consequently  in  excess,  add  tincture  of  cochineal,  then  nor- 
mal soda  solution,  till  only  a  small  excess  of  acid  remains,  say  ^  or  1 
c.  c.  Heat  to  boiling,  shake  the  liquid,  and  continue  boiling  for  some 
minutes,  to  expel  the  carbonic  acid  completely  from  the  fluid  and  flask ; 
finally  add  soda  until  just  violet.  1000  c.  c.  of  the  normal  acid  corre- 
spond to  98*5  grm.  carbonate  of  baryta,  73*75  grm.  carbonate  of  stron- 
tia,  50  grm.  carbonate  of  lime,  or  42  grm.  carbonate  of  magnesia. 

By  weighing  off*  the  -^j^  or  -gV  ^<1-  (^^  =  1)  S"^^'  °^  ^^®  caustic  or  car- 
bonated alkaline  earths,  the  necessity  of  a  calculation  of  the  results  ie 
altogether  dispensed  with ;  in  the  former  case,  the  number  of  c.  c,  in 
the  latter  that  of  half  c.  c.  used  of  the  normal  acid,  expresses  the  per* 
centage  required. 

5.  Chlorimetry. 
§  211.. 

The  "  chloride  of  lime,"  or  "  bleaching  powder "  of  commerce,  eon- 
tains  hypochlorite  of  lime,  chloride  of  calcium,  and  hydrate  of  lime. 
The  two  latter  ingredients  are  for  the  most  part  combined  with  one 
another  to  basic  chloride  of  calcium.  In  freshly  prepared  and  perfectly 
normal  chloride  of  lime,  the  quantities  of  hypochlorite  of  lime  and 
chloride  of  calcium  present  stand  to  each  other  in  the  proportion  of 
theii  equivalents.  When  such  chloride  of  lime  is  brought  into  contact 
with  lilute  sulphuric  acid,  tlie  whole  of  the  chlorine  it.  contains  is 
liberated  in  the  elementary  form,  in  accordance  with  the  following 
equation : — 

Ca  O,  CI  0-f  Ca  Cl+2  (H  O,  S  03)=2  (Ca  O,  S  03)  +  2  H  0+2  a. 

On  keeping  chloride  of  lime,  however,  the  proportion  between  hypo- 
chlorite of  lime  and  chloride  of  calcium  gradually  changes — the  former 
decreases,  the  latter  increases.  Hence  from  this  cause  alone,  to  say 
nothing  of  original  difference,  the  commercial  article  is  not  of  uniform 
quality,  and  on  treatment  with  acid  gives  sometimes  more  and  sometimes 
less  chlorine. 

As  the  value  of  this  article  depends  entirely  upon  the  amoiint  of 
chlorine  set  free  on  treatment  with  acid,  chemists  ha*^  de'V'ised  varioufl 
simple  methods  of  determining  the  available  amount  of  chlorine  in  any 
given  sample.  These  methods  have  collectively  received  the  name  of 
jChlorimetry.     We  describe  a  few  of  the  best. 

Preparation  of  the  Solution  op  Chloride  of  Limb. 

The  solution  is  prepared  alike  for  all  methods,  and  best  in  the  folloTnr- 
ing  manner : — 

Weigh  off*  10  grm.,  triturate  finely  with  a  little  water,  add  gradually 
more  water,  pour  the  liquid  into  a  litre  flask,,  triturate  the  residue 
again  with  wa'er,  and  rinse  the  contents  of  the  mortar  carefully  into 


\ 
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the  flask ;  fill  the  latter  to  the  mark,  shake  the  milky  'fluid,  and  ex- 
amine it  at  once  in  that  state,  i.e.,  without  allowing  it  to  deposit ;  and 
every  time,  before  measuring  off"  a  fresh  portion,  shake  again.  The  re^ 
suits  obtained  with  this  turbid  solution  are  much  more  constant  and  cor- 
rect  than  when,  as  is  usually  recommended,  the  fluid  is  allowed  to  de- 
posit, and  the  experiment  is  made  with  the  supernatant  clear  poi-tiou 
alone.  The  truth  of  this  may  readily  be  proved  by  making  two  sepa- 
rate experiments,  one  with  the  decanted  clear  fluid,  and  the  other  with 
the  residuary  turbid  mixture.  Thus,  for  instance,  in  an  experiment 
made  in  my  own  laboratory,  the  decanted  clear  fluid  gave  22'G  of 
chlorine,  the  residuary  mixture  25*0,  the  uniformly  mixed  turbid  solu- 
tion 24*5. 

1  c.  c.  of  the  solution  of  chloride  of  lime  so  prepared  corresponds  to 
0.01  grm.  chloride  of  lime. 

A.   Penot's  Method.^ 
§  212. 

This  method  is  based  upon  the  conversion  of  arsenious  acid  into 
arsenic  acid ;  the  conversion  is  effected  in  an  alkaline  solution.  Iodide 
of  potassium-starch  paper  is  employed  to  ascertain  the  exact  point  when 
the  reaction  is  completed. 

a.  Prepa/ration  of  the  Iodide  of  Potassvumfi- Starch  Paper, 

The  following  method  is  preferable  to  the  original  one  given  by  Pe- 
kot: — 

Stir  3  grm.  of  potato,  starch  in  250  c.  c.  of  cold  water,  boil  witu 
stirring,  add  a  solution  of  1  grm.  iodide  of  potassium  and  1  grm. 
crystallized  carbonate  of  soda,  and  dilute  to  500  c.  c.  Moisten  strips 
of  fine  white  unsized  paper  with  this  fluid,  and  dry.  Keep  in  a  closed 
bottle. 

h.  Preparation  of  tfie  Solution  of  Arsenious  Add,- 

Dissolve  4*436  grm.  of  pure  arsenious  acid  and  13  grm.  pure  crystal- 
lized carbonate  of  soda  in  000 — 700  c.  c.  water,  with  the  aid  of  heat, 
let  the  solution  cool,  and  then  dilute  to  1  litre.  Each  c.  c.  of  this  solu- 
tion contains  0*004436  grm.  arsenious  acid  which  corresponds  to  1  c.  c. 
chlorine  gas  of  0^  and  760  mm.  atmospheric  pressure.f 

As  arsenite  of  soda  in  alkaline  solution  is  liable,  when  exposed  to 
access  of  air,  to  be  gradually  converted  into  arseniate  of  soda,  Penot's 
solution  should  be  kept  in  small  bottles  with  glass  stoppers,  filled  to  tho 
top,  and   a   fresh    bottle  used    for   every  new  series  of  experiments. 

*  Bulletin  de  la  Socii'te  Indostrielle  de  Mulhonse,  1852,  No.  118. — Dingpler's 
Polytech.  Journal,  127,  134. 

f  Penot  gives  the  quantity  of  aisenious  acid  as  4*44 ;  but  I  have  corrected  this 
number  to  4*430,  in  acoordance  with  the  now  received  equivalents  of  the  snh- 
Btances  and  specific  gravity  of  chlorine  gas — after  the  following  proportion: — 
70-92  (2  eq.  chlorine)  :  99  (1  eq.  AsOa) ::  317763  (weight  of  1  litre  of  chlorine  gas) 
:  a?;  «= 4*436,  i.e.  the  quantity  of  aisenions  acid  which  1  litre  of  chlorine  gaa 
converts  into  arsenic  acid. 

This  solution  is  arranged  to  suit  the  foreign  method  of  designating  the  strength 
erf  chloride  of  lime — viz. ,  in  chlorimctrical  degrees  (each  degree  represents  1  litra 
chlorine  g»a  at  0"*  and  760  mm.  pressoie  in  a  kUogramme  of  the  substance).   This 
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According  to  Fr.  Mohr*  the  solution  keeps  unchanged,  if  the  arse- 
niouB  acid  and  the  carbonate  of  soda  are  both  absolutely  free  from 
oxidizable  matters  (sulphide  of  arsenic^  sulphide  of  sodium,  sulphite  of 
soda). 

c.   T/ts  Process. 

Measure  off,  with  a  pipette,  50  c.  c.  of  the  solution  of  chloride  of 
lime  prepared  according  to  the  directions  of  §  211,  transfer  to  a  beaker, 
and  from  a  50  c.  c.  burette,  add,  slowly,  and  at  last  drop  by  drop,  the 
solution  of  arsenious  acid,  with  constant  stirring,  until  a  drop  of  the 
mixture  produces  no  longer  a  blue-colored  spot  on  the  iodized  paper ; 
it  is  very  easy  to  hit  the  point  exactly,  as  the  gradually  increasing 
faintness  of  the  blue  spots  made  on  the  paper  by  the  fluid  dropped  on 
it,  indicates  the  approaching  termination  of  the  reaction,  and  warns  the 
operator  to  confine  the  further  addition  of  the  solution  of  arsenious 
acid  to  a  single  drop  at  a  time.  The  number  of  i  c.  c.  used  indicates 
directly  the  number  of  chlorimetrical  degrees  (see  note),  as  the  follow- 
ing calculation  shows :  suppose  you  have  used  40  c.  c.  of  solution  of 
arsenious  acid,  then  the  quantity  of  chloride  of  lime  used  in  the  experi- 
ment contains  40  c.  c.  of  chlorine  gas.  Now,  the  50  c.  c.  of  solution 
employed  correspond  to  0*5  grm.  of  chloride  of  lime;  therefore  0*5 
grm.  of  chloride  of  lime  contain  40  c.  c,  chlorine  gas,  therefore  1000 
grm.  contain  80000  c.  c.  =  80  litres.  This  method  gives  very  constant 
and  accurate  results,  and  appears  to  be  particularly  well  suited  for  use 
in  manufacturing  establishments  where  there  is  no  objection,  on  tlie 
score  of  danger,  to  the  employment  of  arsenious  acid.    (Expt.  No.  99.) 

B.  Otto's  MeHiod. 
§  213. 

The  principle  of  this  method  is  as  follows : — 

Two  eq.  protosulphate  of  iron,  when  brought  into  contact  with  chlo- 
rine, in  presence  of  water  ana  free  sulphuric  acid,  give  1  eq.  ses- 
quisulphate  of  iron,  and  1  eq.  H  CI,  the  process  consuming  1  eq. 
chlorine. 

2  (Fe  O,  S  03)+S  Oa-hHO-f  Cl.=Fa,03,  3  S  Os-fH  CL 

2  eq.  crystallized  protosulphate  of  iron : — 

2  (Fe  O,  S  O3,  H  O  f  6  aq.)=278 

coiTBBpond  to  35'46  of  chlorine,  or,  in  other  terms,  0*7839  grm.  crystal- 
lized protosulphate  of  iron  correspond  to  O'l  grm.  chlorine. 

The  protosulphate  of  ii'on  i-eqiiired  for  these  experiments  is  best  pre- 
pared  as  follows : — 

Take  iron  nails,  free  from  rust,  and  dissolve  in  dihite  sulphuric  add, 
applying  heat  in  the  last  stage  of  the  oi)eration ;   filter  the  solution, 

method  was  proposed  by  Qay-Lussao.  The  decrees  may  readily  be  converted 
iuto  per-oents,  and  vice  versd,  thus :  -  A  sample  of  ohloride  of  lime  of  90'  coataina 
90  X  8*17763=285*986  gnn.  chlorine  in  1000  grm.  or  2859  in  100 ;  and  a  sample 
containing  34*2  per  cent  chlorine,  is  of  107*6%  for  100  grm.  of  the  snbctance  con- 
tain 34-2  grm.  chlorino  .  * .  1000  grm.  of  the  substanoe  contain  342  grm.  chloiixide, 
but  842  grm.  chlorine  zr^iWoT  litr©8=107*6  Utres .  *.  1000  grm.  of  the  fiubstance 
contain  107*6  litres  chlorine. 

*  His  Lehrbuoh  der  Titrirmethode,  2  Aujfl.  S.  290. 
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still  hot,  into  about  twice  its  volume  of  spirit  of  wine.     The  pi-ecipitat€ 
consists  of 

FeO,  S03-|-HO  +  6aq. 

Collect  upon  a  filter,  wash  with  spirit  of  wine,  spread  upon  a  sheet 
of  blotting  paper,  and  dry  in  the  air.  When  the  mass  smells  no  longei 
of  spirit  of  wine,  transfer  to  a  bottle  and  keep  this  well  corked.  In* 
stead  of  protosulphate  of  iron,  sulphate  of  protoxide  of  iron  and  ammo- 
nia (p.  93)  may  be  used.  O'l  grm.  of  chlorine  oxidizes  1*1055  grm.  of 
this  double  sulphate. 

T%e  Process. 

Dissolve  3*1356  grm.  (4  x  '07839  grm.)  of  the  precipitated  protosul- 
phate of  iron,  or  4' 42 2  grm.  (4  x  1*1055  grm.)  of  sulphate  of  protoxide  ot 
iron  and  ammonia,  with  addition  of  a  few  drops  of  dilute  sulphuiic 
acid,  in  water,  to  200  c.  c. ;  take  out,  with  a  pipette,  50  c.  c,  corre- 
sponding to  0*7839  grm.  protosulphate  of  iron,  or  1*1055  grm.  sulphate 
of  protoxide  of  iron  and  ammonia,  dilute  with  150 — 200  c.  c.  water, 
add  a  sufficiency  of  pure  hydrochloric  acid,  and  run  in  from  a  50  c.  c. 
burette  the  freshly  shaken  solution  of  chloiide  of  lime,  prepared  accord- 
ing to  §  211,  until  the  protoxide  of  iron  is  completely  converted  into 
Besquioxide.  To  know  the  exact  point  when  the  oxidation  is  completed, 
place  a  number  of  drops  of  a  solution  of  ferricyanide  of  potassium  on  a 
plate,  and,  when  the  operation  is  drawing  to  an  end,  apply  some  of  the 
mixture  with  a  stirring-rod  to  one  of  the  drops  on  the  plate,  and  observe 
whether  it  produces  a  blue  precipitate;  repeat  the  experiment  after 
every  fresh  addition  of  two  drops  of  the  solution  of  choride  of  lime, 
"When  the  mixture  no  longer  produces  a  blue  precipitate  in  the  solution 
of  ferricyanide  of  potassium  on  the  plate,  read  5ff  the  number  of  volumes 
used  of  the  solution  of  chloride  of  lime. 

The  amount  of  solution  of  chloiide  of  lime  used  contained  0*1  grm. 
of  chlorine.  Suppose  40  c.  c.  have  been  used :  as  every  c.  c.  corre- 
sponds to  0*01  grm.  of  chloride  of  lime,  the  percentage  by  weight  of 
available  chlorine  in  the  chloride  of  lime  is  found  by  the  following  pro- 
portion : — 

0*40  :  0-10::  100  :  a?;  a?=25; 

or,  by  dividing  1000  by  the  number  of  c.  c.  used  of  the  solution  of  chlo- 
ride of  lime. 

This  method  also  gives  very  satisfactory  results,  provided  always 
that  the  salts  of  protoxide  of  iron  are  perfectly  dry  and  free  from  ses- 
quioxide. 

Modification  of  the  preceding  Method. 

Instead  of  the  solution  of  protosulphate  of  iron,  a  solution  of  proto- 
ehloride  of  iron,  prepared  by  dissolving  pianoforte  wire  in  hydi'ochloric 
acid  (according  to  p.  194,  aa),  may  be  used  with  the  best  results.  If 
0*6316  of  pure  metallic  iron,  t.e.,  0*6335  of  fine  pianoforte  wire  (whicli 
may  be  assumed  to  contain  99*7  per  cent,  of  iron),  are  dissolved  to  20 ) 
c.  c,  the  solution  so  prepared  contains  exactly  the  same  amount  of  irou 
as  the  solution  of  protosulphate  above  mentioned — that  is  to  say,  50 
c.  c.  of  it  correspond  to  0*1  grm.  chlorine.  But  as  it  is  inconvenient  to 
weigh  off  a  definite  quantity  of  iron  wire,  the  following  course  may  be 
pursued  in  preference :  weigh  off,  accurately,  about  0*15  grm.,  dissolve^ 
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dilute  the  solution  to  about  200  c.  c,  oxidize  the  iron  with  the  solution 
of  chloride  of  lime,  prepared  according  to  the  directions  of  §  211,  and 
calculate  the  chlorine  by  the  proportion 

*  56  :  35*46  : :  the  quantity  of  iron  used :  x  / 

the  X  found  corresponds  to  the  chlorine  contained  in  the  amount  used  of 
the  solution  of  chloride  of  lime.  This  calculation  may  be  dispensed  with 
by  the  application  of  the  following  formula,  in  which  the  carbon  in  the 
pianoforte  wire  is  taken  into  account : — 

Multiply  the  weight  of  the  pianoforte  wire  by  6313,  and  divide  the 
product  by  the  number  of  c.  c.  used  of  the  solution  of  chloride  of  liine : 
the  result  expresses  the  percentage  of  chlorine  by  weight. 

This  method  gives  very  good  results.  I  have  described  it  here  prin- 
cipally because  it  dispenses  altogether  with  the  use  of  standard  fluids.  It 
is  therefore  particularly  well  adapted  for  occasional  examinations  of 
samples  of  chloride  of  lime,  and  also  by  way  of  control.  (See  Expt. 
No.  99.) 

C.  Bunskn's  Method. 

Pour  10  c,  c.  of  the  solution  of  chloiide  of  lime,  prepared  according  to 
the  directions  of  §  211  (containing  0*1  chloride  of  lime),  into  a  beaker, 
and  add  about  6  c.  c.  of  the  solution  of  iodide  of  potassium,  prepared 
according  to  p.  314,  a  (containing  0'6  KI) ;  dilute  the  mixture  with  about 
100  c.  c.  water,  acidify  with  hydrochloric  acid,  and  determine  the  libersr 
ted  iodine  as  directed  §  146.  As  1  eq.  iodine  coiTesponds  to  1  eq.  chlo- 
rine, the  calculation  is  easy.  This  method  gives  excellent  results.  (Com- 
pare Expt.  No.  99.) 

6.  Examination  of  Black  Oxide  of  Manganese. 

§  214. 

The  native  black  oxide  of  manganese  (as  also  the  regenerated  artifi- 
cial product)  is  a  mixture  of  binoxide  of  manganese  with  lower  oxides 
of  that  metal,  and  with  sesquioxide  of  iron,  clay,  &c. ;  it  also  invariably 
contains  moisture,  and  frequently  chemically  combined  water.  The  com- 
mercial value  of  the  article  depends  entirely  upon  the  amount  of  binoxide 
(or,  more  correctly  expressed,  of  available  oxygen)  which  it  contains. 
By  "  available  oxygen  "  we  understand  the  excess  of  oxygen  contained 
in  a  manganese,  over  the  1  eq.  combined  with  the  metal  to  protoxide ; 
upon  treating  the  ore  with  hydrochloric  acid,  an  amount  of  chlorine  is 
obtained  equivalent  to  this  excess  of  oxygen.  This  available  oxygen  is 
always  expressed  in  the  form  of  binoxide  of  manganese.  1  eq.  corre- 
sponds to  1  eq;  binoxide  of  manganese,  since  MnOjp=MnO-f  O. 

I.  Drying  the  Sample. 

All  analyses  of  manganese  proceed  of  course  upon  the  supposition-that 
the  sample  operated  upon  is  a  fair  average  specimen  of  the  ore.  A  portion 
of  a  tolerably  finely  powdered  average  sample  is  generally  sent  for  analysia 
to  the  cHemist ;  in  the  t»se  of  new  lodes,  however,  a  number  of  samples, 
taken  from  diflferent  parts  of  the  mine,  are  also  occasionally  sent.  If,  in 
the  latter  case,  the  average  composition  of  the  oi'e  is  to  be  ascertained^  and 


g  215.]  YALUATIOK   OF  MANGANESE.  509 

not  simply  that  of  the  several  samples,  the  following  course  must  be 
resorted  to  :  crush  the  several  samples  of  the  ore  in  an  iron  moi-tai' 
to  coarse  powder,  and  pass  the  whole  of  this  through  a  rather  coarse  sieve. 
Mix  uniformly,  then  remove  a  sufficiently  large  portion  of  the  coai-se 
powder  with  a  spoon,  reduce  it  to  powder  in  a  steel  mortar,  passing  the 
whole  of  this  through  a  fine  sieve.  Mix  the  powder  obtained  by  this 
second  process  of  pulverization  most  intimately;  take  about  8 — 10  grm. 
y{  it,  and  triturate  this,  in  small  portions  at  a  time,  in  an  agate  mortar,  to 
an  impalpable  powder.  Average  samples  are  generally  already  suffici- 
fintly  iine  to  requii'e  only  the  last  opei*ation. 

As  regards  the  temperature  at  which  the  powder  is  to  be  dried,  if  you 
desire  to  expel  the  whole  of  the  moisture  without  disturbing  any  of  the 
water  of  hydration,  the  temperature  adopted  must  be  120°  (this  is  the 
result  of  my  own  experiments,  see  Expt.  No.  100).  But,  as  there  ap- 
pears to  be  at  present  an  almost  universal  understanding  in  the  manga- 
nese trade,  to  limit  the  drying  temperature  to  100°,  the  fine  powder  is 
exposed,  in  a  shallow  copper  or  brass  pan,  for  6  hours,  to  the  tempera- 
ture of  boiling  water,  in  a  water-bath  (p.  37,  fig.  19). 

When  the  samples  have  been  dried,  they  are  introduced,  still  hot,  into 
glass  tubes  12 — 14  cm.  long,  and  8 — 10  mm.  wide,  sealed  at  one  end ; 
these  tubes  are  then  corked  and  allowed  to  cool. 

In  laboi'atories  where  whole  series  of  analyses  of  different  ores  are  of 
frequent  occurrence,  it  is  advisable  to  number  the  drying-pans  and  glass 
tubes,  and  to  transfer  the  samples  always  from  the  pan  to  the  tube  of 
the  corresponding  number. 

IL  Determination  of  the  Binoxibe  of  Manganese. 

§216. 

Of  the  many  methods  that  have  been  proposed  for  the  valuation  of 
manganese  ores,  I  select  three  as  the  most  expeditious  and  accurate. 
The  first  is  more  particularly  adapted  for  technical  purposes. 

A.  Fresenius  and  Will's  Method, 

a.  If  oxalic  acid  (or  an  oxalate)  is  brought  into  contact  with  binoxide 
of  manganese,  in  presence  of  water  and  excess  of  sulphuric  acid,  pioto- 
sulphate  of  manganese  is  foniied,  and  carbonic  acid  evolved,  while  the 
oxygen,  which  we  may  assume  to  exist  in  the  binoxide  of  manganese  in 
combination  with  the  protoxide,  combines  with  the  elements  of  the  oxalic 
acid,  and  thus  converts  the  latter  into  carbonic  acid. 

Mn  O,  +  SO3+ CA=  Mn  O,  SOj-h  2  C  O,. 

£ach  equivalent  of  available  oxygen  or,  what  amounts  to  the  same, 
each  1  eq.  binoxide  of  manganese  =  43 '5,  gives  2  eq.  carbonic  acid  ==44. 

6.  If  this  process  is  pei*formed  in  a  weighed  apparatus  from  wliich 
nothing  except  the  evolved  carbonic  acid  can  escape,  and  which,  at  the 
same  time,  permits  the  complete  expulsion  of  that  acid,  the  diminution 
^f  weight  will  at  once  show  the  amount  of  carbonic  acid  which  has 
escaped,  and  consequently,  by  a  very  simple  calculation,  the  quantity  of 
binoxide  contained  in  the  analyzed  manganese  ore.  As  44  parts  by 
weight  oi  carbonic  acid  correspond  to  43*5  of  binoxide  of  manganesOi 
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the  (arbonic  acid  fotiiui  need  simply  be  multiplied  hj  43*5,  and  the  pro- 
duct divided  by  44,  or  the  carbonic  acid  may  be  multiplied  by 

—  =0-9887, 
44  ' 

to  find  the  coiTeaponding  amount  of  binoxide  of  manganese, 

c.  But  even  this  calculatioa  may  be  avoided  by  simply  using  tn  the 
operation  the  exact  weight  of  ore  which,  if  the  latter  cansiBt«d  of  pure 
binoxide,  would  give  100  pai-ts  of  cavbonic  acid. 

The  number  of  parta  evolved  of  carbonic  acid  expresses,  in  that  case, 
direi^ly  the  number  of  {larts  of  binoxide  contained  in  100  parts  of  the 
analyzed  ore.  It  results  from  b  that  98'87  is  the  number  required. 
Suppose  the  experiment  ia  made  with  0'9887  grm.  of  the  ore,  the  num- 
ber of  centigrammes  of  carbonic  acid  evolved  in  the  process  expresses 
directly  the  percentile  of  binoxide  contained  in  the  analyzed  manganese 
ore.  Now,  as  the  amount  of  carbonic  acid  evolved  from  0-9887  grm.  of 
manganese  would  be  rather  small  for  accurate  weighing,  it  ia  advisable 
to  take  a  multiple  of  this  weight,  and  to  divide  afterwards  the  number 
of  centigrammes  of  carbonic  acid  evolved  from  this  multiple  weight  by 
the  same  number  by  which  the  unit  has  been  multiplied.  The  multiple 
which  answers  the  jiurpose  best  for  superior  ores  is  the  triple,  =;  2-9C6 ; 
for  inferior  ores,  I  recommend  the  quadruple,  =  3*955,  or  Uie  quintuple, 
-=  4-9435. 

The  analytical  process  ia  performed  in 
the  apparatus  illustrated  in  fig.  100,  and 
which  has  been  described  already,  p.  299. 
The  flask  A  should  hold,  up  to  the 
neck,  about  120  c.e. ;  ^  about  100  cc. 
The  latter  is  half  filled  with  sulphuric 
a<dd  ;  the  tube  a  is  closed  at  6  with  a 
little  was  ball,  or  a  very  small  piece  of 
caoutchouc  tubing,  with  a  abort  piece  of 
glass  rod  inserted  in  the  other  end. 

Place  2-966,  or  3-955,  or  4-9435  gnn.— 
according  to  the  quality  of  the  ore — in 
a  watch-glass,  and  tare  the  latt«r  most 
accm-ately  on  a  delicate  balance ;  then  re- 
move the  weights  from  the  watch-glass, 
and  replace  them  by  manganese  from  the 
pj^  ^QQ  tube,  very  cautiously,  with  the  aid  of  a 

gentle  tap  with  the  finger,  until  the  equi- 
librum  is  exactly  refit ored.  Transfer  the  weighed  sample,  with  the  aid 
of  a  card,  to  the  fiaak  A,  add  5 — O  grm,  neutral  oxalate  of  soda,  or  about 
7-5  grm.  neutral  oxalate  of  potassa,  in  powder,  and  as  much  water  as 
will  fill  the  flask  to  about  one-third.  Insert  the  cork  into  ^4,  and  tare  the 
apparatus  on  a  strtAig  but  delicHte  balance,  by  means  of  shot,  and  lastly 
tinfoil,  not  placed  directly  on  the  scale,  but  in  an  appropriat«  vessel 
rhe  tai-e  is  kept  under  a  glass  bell.  Try  whether  the  apparatus  closes 
»ir-tight  (see  p.  289).  Then  make  some  sulphuric  acid  flow  from  Ji  into 
A,  by  applying  suction  to  '/,  by  means  of  a  caoutchouc  tube.  The  evolu- 
tion of  carbonic  acid  comniejicea  immediately  in  a  steady  and  uniform 
manner.  When  it  begins  to  slacken,  cause  a  fresh  portion  of  sulphuric 
acid  to  pass  into  A,  and  rejieat  this  until  the  manganese  ore  is  completely 
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decomposed,  which,  if  the  sample  has  been  veiy  finely  pulverized,  requires 
at  the  most  about  five  minutes.  The  complete  decomposition  of  the 
analyzed  ore  is  indicated,  on  tlie  one  hand,  by  the  cessation  of  the  dis- 
engagement of  carbonic  acid,  and  its  non-renewal  upon  the  influx  of  a 
firesh  portion  of  sulphuric  acid  into  A ;  and,  on  the  other  hand,  by  the 
total  disappearance  of  every  trace  of  black  powder  from  the  bottom  of 
A* 

Now  cause  some  more  sulphuric  acid  to  pass  from  J^  into  A,  to  heat 
the  fluid  in  the  latter,  and  expel  the  last  traces  of  carbonic  acid  therein 
dissolved ;  remove  the  wax  stopper,  or  indiarrubber  tube,  from  6,  and 
apply  gentle  suction  to  d  until  the  air  dra>VTi  out  tastes  no  longer  of 
carbonic  acid.  Let  the  apparatus  cool  completely  in  the  air,  and  place 
it  on  the  balance,  with  the  tare  on  the  other  scale,  and  restore  equilibri- 
um. The  number  of  centigramme  weights  added,  divided  by  3,  4,  or  5, 
according  to  the  multiple  of  0*9887  grm.  used,  expresses  the  percentage 
of  binoxide  contained  in  the  analyzed  ore. 

In  experiments  made  with  definite  quantities  of  the  ore,  weighing 
in  an  open  watch-glass  cannot  well  be  avoided,  and  the  dried  manganese 
is  thus  exposed  to  the  chance  of  a  reabsorption  of  water  from  the  air, 
which  of  course  tends  to  .interfere,  to  however  so  trifling  an  extent, 
with  the  accuracy  of  the  results.  In  very  precise  experiments,  thercn 
fore,  the  best  way  is  to  analyze  an  indeterminate  quantity  of  the  ore, 
and  to  calculate  the  percentage  as  shown  above.  For  this  purpose,  one 
of  the  little  corked  tubes,  filled  with  the  dry  pulverized  ore,  is  accu- 
rately weighed,  and  about  3  to  5  grm.  (according  to  the  quality  of  the 
ore)  are  transferred  to  the  flask  A.  By  now  re  weighing  the  tube,  the 
exact  quantity  of  ore  in  the  flask  is  ascertained.  To  facilitate  this 
operation,  it  is  advisable  to  scratch  on  the  tube,  with  a  file,  marks  indi- 
cating, approximately,  the  various  quantities  \)vhich  may  be  required  for 
the  analysis,  according  to  the  quality  of  the  oi^. 

With  proper  skill  and  patience  on  the  part  of  the  operator,  a  good 
balance  and  correct  weights,  this  method  gives  most  accurate  ancl  corre- 
sponding results,  differing  in  two  analyses  of  the  same  ore  barely  to  the 
extent  of  0*2  per  cent. 

If  the  results  of  two  assays  differ  by  more  than  0"2  per  cent.,  a  third 
experiment  should  be  made.  In  laboi-atories  where  analyses  of  manga- 
nese ores  are  matters  of  frequent  occurrence,  it  will  be  found  conveni- 
ent to  use  an  aspirator  for  sucking  out  the  carbonic  iK^id.  In  the  case 
of  very  moist  air,  the  error  which  proceeds  from  the  fact  that  the  water 
in  the  air  drawn  through  the  apparatus  is  retained,  and  which  is  usu- 
ally quite  inconsiderable,  may  now  be  increased  to  an  important  extent. 
Under  such  circumstances,  connect  the  end  of  the  tube  b  with  a  chlo- 
ride of  calcium  tube  duiing  the  suction. 

Some  ores  of  mangjinese  contain  carbonates  of  the  cdkaiine  earthly 
which  of  course  necessitates  a  modification  of  the  foregoing  process.  To 
ascertain  whether  carbonates  of  the  alkaline  earths  are  present,  boil  a 
sample  of  the  pulverized  ore  with  water,  and  add  nitric  acid.  If 
anv  effervescence  takes  place,  the  process  is  modified  as  follows 
(RdHRt):— 

*  If  the  mangffinjese  ore  has  been  pnlrcrized  in  an  iron  mortar,  a  ftw  black 
wpoiti  (particles  of  iron  from  the  mortar)  will  often  remain  perceptible. 
t  Zeitsohrift  t  analyt  Chem.  1,  48.  . 
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After  tlie  weighed  portion  of  ore  has  been  introduced  into  tbe 
flask  Ay  treat  it  with  water,  so  that  the  flask  may  be  about  ^  full,  ada 
a  few  drops  of  dilute  sulphuric  acid  (1  pai-t,  by  weight,  sulphuric  acid, 
to  5  parts  water)  and  warm  with  agitation,  preferably  in  a  water  bath. 
After  some  time  dip  a  rod  in  and  test  whether  the  fluid  possesses  a 
strongly  acid  reaction.  If  it  does  not,  add  more  sulphuric  acidv  As 
soon  as  the  whole  of  the  carbonates  are  decomposed  by  continued  heat> 
ing  of  the  acidified  fluid,  completely  neutralize  the  excess  of  acid  with 
soda  solution  free  from  carbonic  acid,  allow  to  cool,  add  the  usual 
quantity  of  oxalate  of  soda,  and  proceed  as  above. 

If  you  have  no  soda  solution  free  from  carbonic  acid  at  hand,  you 
may  place  the  oxalate  of  soda  or  oxalic  acid  (about  3  grm.)  in  a  small 
tube,  and  suspend  this  in  the  flask  A  by  means  of  a  thread  fastened  by 
the  cork.  When  the  apparatus  is  tared,  and  you  have  satisfied  youi-self 
that  it  is  air-tight,  release  the  thi-ead  and  proceed  as  above. 

B.   BuNSEN^s  Method. 

Reduce  the  ore  to  the  very  finest  powder,  weigh  off  about  0*4  gim., 
introduce  this  into  the  small  flask  a,  illustrated  in  fig  59,  p.  308,  and 
pour  pure  fuming  hydi'ochloric  acid  over  it ;  conduct  the  process  ex- 
actly as  in  the  analysis  of  chromates.  Boil  until  the  ore  is  completely 
dissolved  and  all  the  chlorine  expelled,  which  is  efiected  in  a  few  min- 
utes. Each  eq.  iodine  separated  corresponds  to  1  eq.  chlorine  evolved, 
and  accoi-tlingly  to  1  eq.  binoxide  of  manganese.  For  the  estimation  of 
the  separated  iodine,  the  method  §  146  may  be  employed.  Results 
most  accurate. 

C.  Estimation  of  the  J^inoxide  of  Manganese  hy  means  of  Iron, 

Dissolve,  in  a  small  long^necked  flask,  placed  in  a  slanting  positiou, 
about  1  grm.  pianoforte  wii-e,  accurately  weighed,  in  moderately  con- 
centrated pure  hydrochloric  acid ;  weigh  off  about  0*6  grm.  of  the  sam- 
ple of  manganese  ore  in  a  little  tube,  drop  this  into  the  flask,  with  its 
contents,  and  heat  cautiously  until  the  oi*e  is  dissolved.  1  eq.  binoxide 
of  manganese  converts  2  eq.  of  dissolved  iron  from  the  state  of  proto- 
to  that  of  sesquichloride.  When  complete  solution  has  taken  place, 
dilute  tlie  contents  of  the  flask  with  water,  allow  to  cool,  rinse  into  a 
beaker,  and  determine  the  iron  still  remaining  in  the  state  of  protochlo- 
ride  with  chromate  of  potash  (p.  198).  Deduct  this  from  the  weight  of 
the  wire  employed  in  the  process ;  the  difference  expresses  the  quantity 
of  iron  which  has  been  converted  by  the  oxygen  of  the  manganese  from 
protochloride  to  sesquichloride.*  This  ditterence  multiplied  by  *^ 
or  0*7 768,  gives  the  amount  of  binoxide  in  the  analyzed  ore.  This  me- 
thod also,  if  carefully  executed,  gives  very  accurate  results.  If  you 
determine  the  excess  of  protochloride  of  iron  with  permanganate,  do 
not  forget  the  remarks  on  page  198,  note. 

The  main  reason  why  this  method  is  less  suitable  for  industrial  use 
than  the  first  lies  in  the  fact,  that  the  analyst  must  work  with  much 
BDialler  quantities  of  substance.    Hence  to  obtain  results  equally  accurate 

*  In  very  precise  experiments,  the  weight  of  the  iron  most  be  multiplied  hy 
0*997,  since  pianoforte  wire  may  always  be  assumed  to  contain  about  00(S 
impurities. 
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with  those  yielded  hy  A,  &r  greater  nicety  in  weighing  and  manipulat- 
ing i&  required.  Instead  of  metallic  iron,  weighed  quantities  of  pure 
protosulphate  of  iron,  or  of  sulphate  of  protoxide  of  iix>n  and  ammonia, 
may  be  used. 

in.  Estimation  of  Moisture  in  Manganese. 

§  216. 

In  the  purchase  and  sale  of  manganese,  a  certain  proportion  of  moisture 
is  usually  assumed  to  be  present,  and  often  a  percentage  is  fixed  within 
which  the  moisture  must  be  confined.  In  estimating  the  moisture  the 
same  temperature  should  be  employed,  at  which  the  drying  for  the  pur- 
pose of  determining  the  binoxide  is  eflfected  (§214, 1.). 

As  the  amount  of  moisture  in  an  ore  may  be  altered  by  the  operations 
of  crushing  and  pulverizing,  the  experiment  should  be  made  with  a  sample 
of  the  minei-al  which  has  not  yet  been  subjected  to  these  processes.  Tlie 
drying  must  be  continued  until  no  further  diminution  of  weight  is  ob- 
served; at  100*,  this  takes  about  6  hours,  at  120*,  generally  only  1^ 
hours.  If  the  moisture  in  a  manganese  ore  is  not  to  be  estimated  on  the 
spot,  but  in  the  laboratory,  a  fair  average  sample  of  the  ore  should  be 
foi-wiMxled  to  the  chemist  in  a  strong,  perfectly  dry,  and  well-corked 
bottle. 

IV.  Estimation  op  the  Amount  of  Hydrochloric  Acid  required 

FOR  the   complete   DECOMPOSITION   OF  A   MANGANESE. 

§217. 

Different  manganese  ores,  containing  the  same  amount  of  available 
oxygen,  or,  as  it  is  usuaUy  expressed,  of  binoxide,  may  require  very  dif- 
ferent quantities  of  hydrochloric  acid  to  efiect  their  decomposition  and 
solution,  so  as  to  give  an  amount  of  chlorine  corresponding  to  the  avail- 
able oxygen  in  them ; — thus,  an  ore  consisting  of  60  per  cent,  of  binoxide 
of  manganese  and  40  per  cent,  of  sand  and  clay,  requires  2  eq.  hydro- 
chloric acid  to  1  eq.  of  avaiUble  oxygen ;  whereas  an  equally  rich  ore 
containing  lower  oxides  of  manganese,  sesquioxide  of  iron,  or  carbonate 
of  lime  i-equires  a  much  larger  proportion  of  hydrochloric  add. 

The  quantity  of  hydrochloric  acid  in  question  may  be  determined  by 
the  following  process  : — 

Determine  the  strength  of  10  c,  c.  of  a  moderately  strong  hydrochloric 
acid  (of,  say,  1*10  sp.  gr.)  by  means  of  solution  of  sulphate  of  copper  and 
ammonia  (§  205).  Warm  10  c.  c.  of  the  same  acid  with  a  weighed 
quantity  (about  1  grm.)  of  the  manganese,  in  a  small  long-necked  flask, 
with  a  glass  tube,  about  3  feet  long,  fitted  into  the  neck.  Fix  the  flask 
in  a  position  that  the  tube  is  directed  obliquely  upwards,  and  then  gently 
heat  the  contents.  As  soon  as  the  manganese  is  decomposed,  apply  a 
somewhat  stronger  heat  for  a  short  time,  to  expel  the  chlorine  which  still 
remains  in  solution ;  but  carefully  avoid  continuing  the  application  of 
heat  longer  than  is  absolutely  necessary,  as  it  is  of  importance  to  guard 
against  the  slightest  loss  of  hydrochloric  acid.  Let  the  flask  cool,  dilute 
the  contents  with  water,  and  determine  the  free  hydrochloric  acid  remain- 
ing by  solution  of  sulphate  of  copper  and  ammonia.  Deduct  the  quan- 
tity found  from  that  originally  added;   the  difference  expresses  the 

33 
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Amount  of  hydrochloric  acid  inquired  to  effect  the  decompositioii  of  the 
manganese  ore. 

7.  Analysis  op  Common  Salt. 

§  218. 

I  select  this  example  to  show  how  to  analyze,  with  accuracy  and 
tolerable  expedition,  salts  which,  with  a  predominant  principal  ingredient, 
contain  small  quantities  of  other  substances. 

a.  Reduce  the  salt  by  trituration  to  a  uniform  powder,  and  put  this 
into  a  stoppered  bottle. 

6.  Weigh  off  10  grm.  of  the  powder,  and  dissolve  in  a  beaker  by  diges- 
tion with  water ;  filter  the  solution  into  a  ^-Ktre  flask,  and  thoroughly 
wash  the  small  residue  which  generally  remains.  Finally,  fill  the  flask 
with  water  up  to  the  mark,  and  shake  the  fluid. 

If  small  white  grains  of  sulphate  of  lime  are  left  on  dissolving  the  salt, 
reduce  them  to  jjowder  in  a  mortar,  add  water,  let  the  mixture  digest  for 
some  time,  decant  the  clear  supernatant  fluid  on  to  a  filter,  triturate  the 
undissolved  deposit  again,  add  water,  &c.,  and  repeat  the  operation  until 
complete  solution  is  effected. 

c.  Ignite  and  weigh  the  diied  insoluble  residue  of  5,  and  subject  it  to 
a  qualitative  examination,  more  especially  with  a  view  to  ascertain  whether 
it  is  perfectly  free  from  sulphate  of  lime. 

d.  Of  the  solution  6,  measure  ofl*  successively  the  following  quanti- 
ties:— 

For  e.     50  c.  c.  corresponding  to  1  grm.  of  common  salt. 
"   /.  150  c.  c.         "         **  3         "  "  " 

«    g.  150  c.  c.         "         "  3         "  "  " 

«    h,     50  c.  c.         "         "  1         «  «  « 

6.  Determine  in  the  50  c.  c.  measured  off,  the  chlorine  as  directed 
§  141,  L,  a  or  h. 

f.  Determine  in  the  150  c.  c.  measured  off,  the  vulphuric  acid  as 
lirected  §  132,  I.,  1. 

-  ff.  Determine  in  the  1 50  c.  c.  measured  off,  the  lime  and  magnesia  as 
directed  p.  349,  29. 

h.  Mix  the  50  c.  c.  measured  off,  in  a  platinum  dish,  with  about  ^  c.  i\ 
of  pure  concentrated  sulphuric  acid,  and  proceed  as  directed  §  98,  1 
Tlie  neutral  rasidue  contains  the  sulphates  of  soda,  lime,  and  magnesia. 
Deduct  from  this  the  quantity  of  the  two  latter  substances  as  resulting 
from  g ;  the  remainder  is  sulphate  of  soda. 

i.  Determine  in  another  weighed  portion  of  the  salt,  the  water  aa 
directed  §  35,  a,  a,  at  the  end. 

k.  Bromine  and  other  bodies,  of  which  only  very  minute  traces  are 
found  in  common  salt,  are  determined  by  the  methods  described  ia 
PartL 

8.  Analysis  op  Gunpowder.* 

§219. 

Ounpowder,  as  is  well  known,  consists  of  nitre,  sulphur,  and  chaiv 
» 

•  As  regards  the  determination  of  the  sp.  gr.  of  gunpowder,  I  refer  to  Heeren'i 
paper  on  the  subject,  in  Mittheilungen  des  Gtewerberereina  f tir  Hannover,  1856, 
168— 178;  Polyt.  CentralbL  1856,  1118. 
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coaly  and,  in  the  ordinary  condition,  invariably  contains  a  Rmall  quantity 
of  moisture.  The  analysis  is  frequently  confined  to  the  determination 
of  the  three  constituents  and  the  moisture,  but  often  the  examination  is 
extended  to  the  nature  of  the  charcoal,  and  the  carbon,  hydrogen,  oxy- 
gen, and  ash  therein  are  estimated. 

a.  XfetermincUion  of  the  MoUtv/re. 

Weigh  2 — 3  grm.  of  the  substance  (not  reduced  to  powder)  between 
two  well-fitting  watch-glasses,  and  dry  in  the  desiccator,  or  at  a  gentle 
heat,  not  exceeding  60^,  till  the  weight  remains  constant. 

b.  Determination  of  tlie  Nitre, 

Place  an  accurately  weighed  quantity  (about  5  grm.)  on  a  filter,  mois- 
tened with  water ;  saturate  with  water,  and,  after  some  time,  repeatedly 
pour  small  quantities  of  hot  water  upon  it  until  the  nitrate  of  potassa  is 
completely  extracted.  Receive  the  first  filtrate  in  a  small  weighed  pla- 
tinum dish,  the  washings  in  a  beaker  or  small  flask.  Evaporate  the  con- 
tents of  the  platinum  dish  cautiously,  adding  the  washings  from  time  to 
time,  heat  the  residue  cautiously  to  incipient  fusion,  and  weigh  it.  * 

c.  Determination  of  tlie  Svlphv/r, 

Oxidize  2 — 3  grm.  of  the  powder  with  pure  concentrated  nitric  acid 
and  cMorate  of  potash,  the  latter  being  added  in  small  portions,  while 
the  fluid  is  maintained  in  gentle  ebullition.  If  the  operation  is  contin- 
ued long  enough,  it  usually  happens  that  both  the  charcoal  and  sulphur 
are  fully  oxidized,  and  a  clear  solution  is  finally  obtained.  Evaporate 
with  excess  of  pure  hydrochloric  acid  on  a  water-bath  to  dryness,  filter, 
if  undissolved  charcoal  should  render  it  necessary,  and  determine  the 
sulphuric  acid  after  §  132,  L,  1. 

d.  Determinniion  of  the  Cha/rcoal. 

Digest  a  weighed  portion  of  the  powder  repeatedly  with  sulphide  of 
ammonium,  till  all  sulphur  is  dissolved,  collect  the  charcoal  on  a  filter 
dried  at  100°,  wash  it  first  with  water  containing  sulphide  of  ammoni- 
um, then  with  pure  water,  dry  at  100°,  and  weigh. 

The  charcoal  so  obtained  must,  under  all  circumstances,  be  tested  for 
sulphur  by  the  method  given  under  c,  and  if  occasion  require,  the  sul- 
phur must  be  determined  in  an  aliquot  part.  The  charcoal  may  also  be 
examined  as  regards  its  behavior  to  potash  solution  (in  which  *'red  char- 
coal"! is  pai-tially  soluble)  and  an  aliquot  part  may  be  subjected  to  ele- 
mentary analysis  according  to  §  178,  For  this  latter  purpose  take  a 
portion  of  the  charcoal  dried  at  100°,  and  dry  at  190°  (Weltzien).  If 
the  charcoal,  on  this  second  drying,  suffers  a  diminution  of  weight,  cal- 
sulate  the  latter  into  per-cent«  of  the  gunpowder,  deduct  it  from  the 
charcoal,  and  add  it  to  the  moisture. 

*  The  nitrate  of  potassa  may  also  be  estimated  in  an  expeditious  manner,  and 
with  sufficient  accuracy  for  technical  purposes,  by  means  of  a  hydrometer,  whick 
is  constructed  to  indicate  the  percentage  of  this  ingredient  when  floated  in  watez 
containing  a  certain  proportion  of  gunpowder  in  solution.  A  method  based  upon 
the  same  principle,  proposed  by  Uchatius,  is  given  in  the  Wiener  akad  Ber.  X. 
748;  also  Ann.  d.  Cbem.  und  Pharm.  88,  305. 

\  Incompletely  carbonized  wood.  ^ 
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9.  Analysis  of  Native  and,  more  particularly,  of  Mixed  Silicates.* 

§220. 

The  analysis  of  silicates  which  are  completely  decomposed  by  acids 
has  been  described  in  §  140,  II.,  a;  and  that  of  silicates  which  are  not 
decomposed  by  acids,  in  §  140,  II.,  h,  I  have  therefore  here  only  to  add 
a  few  remarks  respecting  the  examination  of  mixed  silicates,  i.e.,  of  such 
as  are  composed  of  silicates  6f  the  two  classes  (phonolites,  clay-slates, 
basalts,  meteoric  stones,  <&c.). 

After  the  silicate  has  been  very  finely  pulverized  and  dried  at  100** 
it  is  usually  treated  for  some  time,  at  a  gentle  heat,  with  moderately 
concentrated  hydrochloric  acid,  evaporated  to  dryness  on  the  water-bath, 
the  residue  moistened  with  hydrochloric  acid,  water  added,  and  the  solu- 
tion filtered  ;  it  is  often  preferable,  however,  to  digest  the  powder  with 
dilute  hydrochloric  acid  (of  about  15  per  cent.)  for  some  days  at  a  gen- 
tle heat,  and  then  at  once  filter  the  solution.  Which  of  the  two  ways 
it  is  advisable  to  adopt,  and  indeed  whether  the  method  here  described 
(which  was  first  employed  by  Chr.  Gmelin  in  the  analysis  of  phonolites)^ 
may  be  resorted  to,  depends  upon  the  nature  of  the  mixed  minerals. 
The  more  readily  decomposable  the  one  of  the  constituent  parts  of  the 
mixture  is,  and  the  less  readily  decomposable  the  other,  the  more  con- 
stant  the  proportion  between  the  undissolved  and  the  dissolved  part  is 
found  to  remain  in  different  expeiiments  ;  in  other  words,  the  less  the 
undissolved  part  is  afiected  by  further  treatment  with  hydi-ochloric  add^ 
the  more  safely  may  this  method  of  decomposition  be  i*esorted  to. 

The  process  gives  : — 

a.  A  hydrocldaric  acid  solutiony  containing,  besides  a  little  silicic 
acid,  the  bases  of  the  decomposed  silicate  in  the  form  of  metallic  chlo- 
rides, which  are  separated  and  determined  by  the  proper  methods. 

b.  An  insoluble  residue,  which  contains,  besides  the  undecomposed 
silicate,  the  sei)arated  silicic  acid  of  the  decomposed  silicate. 

After  the  latter  has  been  well  washed  with  water,  to  which  a  few 
drops  of  hydrochloric  acid  have  been  added,  transfer  it,  still  moist,  in 
small  portions  at  a  time,  to  a  boiling  solution  of  carbonate  of  soda  (free 
from  silicic  acid)  contained  in  a  platinum  dish ;  boil  for  some  time,  and 
filter  off  each  time,  still  very  hot,  through  a  weighed  filtq^-.  Finally^ 
rinse  the  last  particles  of  the  residue  which  still  adbere  to  the  filter  com- 
pletely into  the  dish,  and  proceed  as  before.  Should  this  operation  not 
fully  succeed,  dry  and  incinerate  the  filter,  transfer  the  ash  to  the  pla- 
tinum dish,  and  boil  repeatedly  with  the  solution  of  carbonate  of  soda 
till  a  few  drops  of  the  fluid  finally  passing  through  the  filter  remain 
clear  on  warming  with  excess  of  chloride  of  ammonium.  Wash  the 
residue,  first  with  hot  water,  then — to  insure  the  removal  of  every  trace 
of  carbonate  of  soda  which  may  still  adhere  to  it — with  water  dightly 
acidified  with  hydrochloric  acid,  and  finally  again  with  pure  water. 
Collect  the  washings  in  a  separate  vessel  (H.  Hose). 

Acidify  the  alkaline  filtrate  with  hydrochloric  acid,  and  determine  in 
it  the  silicic  acid  which  belongs  to  the  silicato  decomposed  by  hydro- 
chloric acid,  as  directed  §  140,  II.,  a.     Dry  the  undissolved  siHcate  at 

*  Comp.  Qual.  Anal.  §§  205-208.  The  quantitative  analysiB  rniut  always  be 
preceded  by  a  minute  and  comprehensive  qualitative  analysis. 
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100°,  and  weigh.  The  difference  gives  the  quantity  of  the  dissolved 
silicate.  Treat  the  undissolved  silicate  exactly  as  directed  6  140 
II.,  6. 

Silicates  dried  at  100°  occasionally  contain  water.  This  is  determined 
by  taking  a  weighed  poi*tion  of  the  mixed  silicate  dried  at  100°  and 
igniting  in  a  platinum  crucible,  or — ^in  presence  of  carbon  or  protoxid6 
of  iron — ^in  a  tube,  through  which  a  stream  of  dry  air  is  drawn,  the 
moisture  expelled  from  the  substance  being  retained  by  a  weighed  chlo« 
ride  of  calcium  tube.  To  ascertain  whether  the  water  thus  expelled 
proceeds  from  the  silicate  decomposable  by  hydrochloric  acid,  or  from 
that  which  hydrochloiic  acid  fails  to  decompose,  a  sample  of  the  latter, 
dfied  at  100°,  is  also  ignited  in  the  same  manner.  Suppose,  for  instance, 
the  mixed  silicate  under  examination  consists  of  50  per  cent,  of  silicate 
decomposed  by  hydrochloric  acid,  and  50  per  cent,  of  silicate  which 
hydrochloric  acid  fails  to  decompose ;  and  that  the  latter  contains  47 
parts  of  anhydrous  substance,  and  3  parts  of  water ;  the  determination 
of  the  water  would  give,  for  the  mixed  silicate  3  per  cent.,  for  the  por- 
tion not  decomposed  by  hydrochloric  acid  6  per  cent.  Now,  as  3  bears 
the  same  proportion  to  6  as  the  undecomposed  silicate  (50  per  cent.) 
bears  to  the  mixed  silicate  (100  per  cent.),  it  is  clear  that  the  silicate 
decomposed  by  hydrochloric  acid  gives  no  water  upon  ignition. 

If  the  escaping  aqueous  vapors  manifest  acid  reaction,  owing  to  dis- 
engagement of  hydrochloric  add  ov  fluoride  of  silicon,  raim  the  substance 
with  6  parts  of  finely  triturated  recently  ignited  oxide  of  lead  in  a  small 
retort,  weigh,  ignite,  and  weigh  again.  If  the  water  passing  over  still 
manifests  acid  reaction,  connect  the  retort  with  a  small  receiver  contain- 
ing water,  and  determine  the  hydro fiuosilicic  acid  in  the  latter,  after  the 
termination  of  the  process.  According  to  Sainte-Claire  Deville  and 
FoUQUfi,*  by  properly  conducting  the  ignition  the  water  may  usually  be 
expelled  free  from  combinations  of  fluorine,  since  the  latter  require  a 
far  higher  temperature  for  expulsion  than  the  former  requires.  After 
the  water  has  been  driven  off  the  fluorine  is  then  expelled  by  stronger 
ignition,  either  as  alkaUne  metallic  fluoride  or  as  fluoride  of  silicon. 

The  undecomposed  part  of  a  mixed  silicate  occasionally  contains  car^ 
bondceous  organic  matter,  in  which  case  it  is  the  safest  way  to  treat  an 
aliquot  part  of  it  in  a  current  of  oxygen  gas,  and  weigh  the  carbonic 
acid  produced  (§  178).  According  to  Delesse,  traces  of  nitrogen  are 
almost  invariably  present  in  the  organic  matter  contained  in  silicates. 

Silicates  often  contain  admixtures  of  other  minerals  (magnetite,  pyrites, 
apatite,  carbonate  of  lime,  &c.)  which  may  sometimes  be  detected  by  the 
naked  eye  or  with  the  aid  of  a  magnifying  glass.  It  would  be  rather  a 
difficult  undertaking  to  devise  a  generally  applicable  method  for  cases 
of  this  description;  I  therefore  simply  remark  that  it  is  occasionally 
found  advantageous  to  treat  the  substance  first  with  acetic  acid,  befora 
subjecting  it  to  the  action  of  hydrochloiic  acid ;  this  will  more  especially 
effect,  without  the  least  difficulty,  the  separation  of  the  carbonates  of  the 
alkaline  earths.  As  examples  of  complete  examinations  of  this  kind  I 
may  cite  some  analyses  by  Dollfuss  and  Neubauer,!  which  were  made 
ID  my  laboratory. 

If  sulphides  are  present,  determine  the  sulphur  by  one  of  the  methoai 


•  Compt.  rend.  38,  817;  Joum.  f.  prakt.  Ohem.  02,  78. 
f  Joum.  1  prakt  Chem.  65,  199. 
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given  §  148,  IL,  A.*  As  regards  the  methods  in  the  wet  way,  it  must  he 
borne  in  mind,  that  when  baryta,  strontia,  or  lead  is  present,  a  portion 
of  the  sulphuric  acid  produced  remains  in  the  insoluble  residue ;  on  fusion 
with  alkaline  carbonate  and  nitrate  this  is  not  the  case.  If,  besides 
sulphide,  a  sulphate  is  present,  determine  the  sulphuiic  acid  of  the  latter, 
by  boiling  a  separate  portion  of  the  substance  with  a  solution  of  carbonate 
of  potash  or  soda  for  a  long  time,  filtering,  acidifying  the  filtrate,  and 
precipitating  with  chloride  of  barium.  The  sulphuric  acid  thus  obtained 
is  deducted  from  the  quantity  obtained  after  treatment  with  oxidizing 
agents,  and  the  remainder  con-esponds  with  the  sulphur  in  the  sulphide. 

The  2^fotoxide  of  iron  may  be  conveniently  determined  by  Cooke's 
process  (p.  369). 

If  silicates  contain  small  quantities  of  titanic  acid^  as  is  very  frequently 
the  case,  care  hiust  be  taken  not  to  overlook  this  admixture.  If  the  silicic 
acid  has  been  separated  by  evaporation  with  hydrochloric  acid — whether 
preceded  or  not  by  decomposition  with  carbonated  alkali — and  the  eva- 
poration has  been  effected  on  the  water-bath,  and  the  dry  mass  has  been 
treated  with  a  sufficient  quantity  of  hydrochloric  acid,  the  titanic  acid, 
or  at  least  by  feir  the  greater  part  of  it,  is  found  in  the  hydrochloric  acid 
solution. 

The  separated  silica  may  be  tested  for  titanic  acid,  as  follows : — ^Treat 
in  a  platinum  dish  with  hydrofluoric  acid  and  a  little  sulphuric  add, 
evaporate,  fuse  the  residue  with  bisulphate  of  potash,  dissolve  in  cold 
water,  filter  if  necessary,  and  separate  the  titanic  acid  from  the  sulphuiic 
acid  solution  by  the  method  given  §  107. 

As  regards  the  titanic  acid  cont^tmed  in  the  hydrochloric  acid  solution 
filtered  from  the  silicic  acid,  it  is  precipitated  with  the  sesquioxide  of 
iron  and  alumina,  when  ammonia  is  added  (§  161, 3).  In  this  precipitate 
it  may  be  determined  either  (a)  by  igniting  the  precipitate  in  hydrogen, 
extracting  the  reduced  iron  by  digestion  with  dilute  hydrochloric  acid, 
fusing  the  residue  with  bisulphate  of  potash,  taking  up  with  cold  water, 
and  precipitating  the  titanic  acid  by  boiling  (§  107)  or  {h)  by  fusing  the 
precipitate  at  once  with  bisulj)hate  of  potash,  dissolving  in  cold  water, 
neutralizing  the  solution  as  nearly  as  possible  with  carbonate  of  soda, 
diluting  with  water,  so  that  not  more  than  0*1  grm.  of  the  oxides  may 
be  contained  in  50  c.  c,  adding  to  the  cold  solution  hyposulphite  of  soda 
in  slight  excess,  w^aitiug  till  the  fluid,  which  was  at  first  violet,  has 
become  quite  colorless,  and  consequently  the  whole  of  the  sescjuioxide 
of  iron  is  reduced,  boiling  till  sulphurous  acid  ceases  to  be  disengaged, 
filtering,  washing  the  precipitate  with  boiling  water,  drying,  gently 
igniting  in  a  covered  porcelain  crucible,  to  expel  sulphur,  then  taking 
the  lid  off  and  increasing  the  heat;  we  thus  obtain  the  alununa 
(CHANCELt)  and  the  titanic  acid  (A.  STROMEYEBt)  together,  free  from 
sesquioxide  of  iron ;  they  are  separated  by  the  method  above  given. 

10.  Analysis  of  Limestones,  Dolomites,  Mabls,  Ac. 

As  the  minerals  containing  carbonate  of  lime  and  carbonate  of  mag- 
nesia play  a  very  important  part  in  manufactures  and  agiiculture,  t]i6 


•  The  methods  in  the  wet  way  would  as  a  rule  be  preferable. 
4  Compt.  rend.  46,  987 ;  Annal.  d.  Chem.  u.  Pharm.  108,  287. 
X  AnnaL  d.  Chem.  u.  Pharm.  113,  127. 
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ciiemist  is  often  called  upon  to  analyze  them.  The  analytictil  procesr 
€iifiei*8  according  to  the  different  object  in  view.  For  technical  purposes, 
it  is  sufficient  to  determine  the  piincipal  constituents ;  the  geologist  takes 
an  interest  also  in  the  matter  present  in  smaller  proportions  ;  whilst  th€ 
agricultural  chemist  seeks  a  knowledge  not  only  of  the  constituents,  but 
also  of  the  state  of  solubility,  in  diiierent  menstioia,  in  which  they  are 
severally  present. 

I  will  give,  in  the  first  place,  a  process  for  effecting  a  complete  and 
aocurate  analysis ;  and,  in  the  second  place,  the  volumetric  methods  by 
which  the  carbonate  of  lime  (and  the  carbonate  of  magnesia)  may  be 
determined.  An  accurate  qualitative  examination  should  always  pre- 
cede the  quantitative  analysis. 

A..  Method  of  Effecting  the  Complete  Analysis. 

§221. 

a.  Reduce  a  large  piece  of  the  mineral  to  powder,  mix  this  Uniformly, 
and  dry  at  100**. 

b.  Treskt  about  2  grm.,  in  a  covered  beaker,  with  dilute  hydrochloric 
acid  in  excess,  evaporate  to  dryness  in  a  platinum  or  porcelain  dish, 
moisten  the  residue  with  hydrochloric  acid,  heat  with  water,  filter  on  a 
dried  and  weighed  filter,  wash  the  insoluble  residue,  dry  at  100°,  and 
weigh.  It  generally  consists  of  separated  silicic  acid^  day,  and  sand : 
but  it  often  contains  also  humiuhlike  matter.  Opportunity  will  be  afforded 
in  g  for  examining  tliis  residue. 

c.  Mix  the  hydrochloric  acid  solution  with  chlorine  water,  then  with 
ammonia  in  slight  excess,  and  let  the  mixture  stand  at  rest  for  some 
time,  in  a  covered  vessel,  at  a  gentle  heat.  Filter  off  the  precipitate, 
which  contains — besides  the  hydrates  of  sesquioxide  of  iron,  sesquioxide 
of  manganese,  and  alumina — the  phosphoric  acid  which  the  analyzed 
compound  may  contain,  and,  moreover,  invariably  traces  of  lime  and 
magnesia ;  wash  slightly,  and  redissolve  in  hydrochloric  acid  ;  heat  the 
solution,  add  chlorine  water,  and  then  precipitate  again  with  ammonia ; 
filter  off  the  precipitate,  wash,  dry,  ignite,  and  weigh. 

For  the  estimation  of  the  several  components  of  the  precipitates,  viz., 
sesquioxide  of  iron,  jyroiosesqicioxlds  of  manganese,  cdumina,  and  phos- 
plwric  acixU  opportuuitj'  will  be  afforded  in  ^.      . 

<£.  Unite  the  fluids  filtered  from  the  first  and  second  precipitates  pro- 
duced by  ammonia,  and  determine  the  lime  and  magnesia  as  directed  § 

154,6(29). 
e.  If  the  limestone  dried  at  100**  still  gives  water  upon  ignition,  this 

is  estimated  best  as  directed  §  36. 

f.  If  the  limestone  contains  no  other  volatile  constituents  besides 
water  and  carbonic  acid,  ignite  with  fused  borax  (p.  288,  c),  and  sub- 
tract from  the  loss  of  weight  suffered,  the  water  found  in  e ;  the  differ- 
ence is  the  carbonic  acid.  If  this  method  is  inapplicable,  determine  the 
carbonic  acid  as  directed  p.  290,  bb,  or  291,  oc,  or  as  on  p.  293,  e. 

g.  To  effect  the  estimation  of  the  constituents  present  in  smaller  pro- 
portion, as  well  as  the  analysis  of  the  residue  insoluble  in  hydrochloric 
acid,  and  of  the  precipitate  produced  by  ammonia,  dissolve  20 — 50  grm. 
of  the  mineral  in  hydrochloric  acid.  As  the  evaporation  to  dryness  ol 
large  quantities  of  fluid  is  always  a  tedious  operation,  gently  heat  the 
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Bolntion  for  some  time,  to  expel  the  carbonic  acid  ;  then  filter  through  t 
weighed  filter  into  a  litre  flask,  wash  the  residue,  drj^  and  weigh  iU 
(The  weight  will  not  quite  agree  with  that  of  the  residue  in  6,  as  the 
latter  contains  also  that  part  of  the  silicic  acid  which  here  still  remains 
in  solution.) 

a.  Analysis  of  tfie  insoluble  Residue. 

<ui.  Treat  a  portion  with  boiling  solution  of  pure  carbonate  of  soda 
(§  220,  &),  and  separate  the  silicic  acid  from  the  solution  (§  140,  II.,  a) ; 
this  process  gives  the  quantity  of  that  portion  of  the  silicic  acid  con- 
tained in  the  residue,  which  is  soluble  in  alkalies. 

bb.  Treat  another  portion,  by  the  usual  process  for  silicates  (§  HO, 
II.,  6),  and  deduct  from  the  silicic  acid  found,  the  amount  obtained  in  cm. 

cc.  If  the  residue  contains  organic  "matter  (humus),  determine,  in  a 
■portion,  the  carbon  by  the  method  of  ultimate  analysis  (p.  430,  h), 
Petzholdt,*  who  determined  by  this  method  the  coloring  organic  mat- 
ter of  several  dolomites,  assumes  that  58  parts  of  carbon  cori-espond  to 
100  parts  of  organic  substance  (humic  acid). 

dd.  If  the  residue  contains  pyriteSy\  fuse  another  portion  of  it  with 
carbonate  of  soda  and  nitrate  of  potassa ;  macerate  in  water,  add  hydro- 
chloric acid,  evaporate  to  diyness,  moisten  with  hydrochloric  acid,  gently 
heat  with  water,  filter,  deteimine  the  sulphuric  acid  in  the  filtrate,  and 
calculate  from  the  result  the  amount  of  pyrites  present.;^ 

/3.  Analysis  of  the  Hydrochloric  Acid  Solution. 

Make  the  solution  up  to  1  litre. 

aa.  For  the  determination  of  the  silicic  acid  that  has  passed  into  solu- 
tion, and  of  the  baryta.,  strontia,  alumina^  manganese,  iron,  and  phos* 
phoric  acid,  evaporate  500  c.  c,  and  dry  the  residue  at  100 — 1 10**.  Ti-eat 
the  dry  mass,  in  order  to  separate  silicic  acid,  &c.  (pi*ecipitate  I.),  with 
hydrochloric  acid  and  water,  boil  the  solution  with  nitric  acid,  add  am- 
monia, boil  till  the  excess  of  ammonia  has  escaped,  filter,  wash  slightly, 
dissolve  on  the  filter  with  hydrochloric  acid,  reprecipitate  in  the  same 
manner  with  ammonia,  and  filter  off  precipitate  II.,  which  contains 
sesquioxide  of  iron,  &c.  Digest  the  united  filtrates  in  a  nearly  filled 
and  closed  flask  with  sulphide  of  ammonium  in  a  slightly  warm  place 
for  24  hours,  then  filter  oft'  precipitate  III.  This  consists  principally  of 
sulphide  of  manganese  ;  it  is  to  be  washed  w^ith  water  containing  sul- 
phide of  ammonium.  Precipitate  the  filtrate  with  carbonate  of  ammo- 
nia and  ammonia,  allow  to  stand  24  hours,  and  then  filter  off  precipitate 
IV.,  which  consists  for  the  most  part  of  carbonate  of  lime,  and  is  to  be 
washed  with  water  containing  ammonia.  Evaporate  the  filtrate  in  a 
porcelain  dish  to  dryness,  project  the  residue,  little  by  little,  into  a  red 
hot  platinum  dish,  drive  off  the  ammonia  saltfi,  moisten  the  residue  with 
hydrochloric  acid,  dissolve  it  in  water,  and  boil,  with  addition  of  pure 
milk  of  lime,  to  strongly  alkaline  reaction.     Filter  off  precipitate  V., 

•  Joum.  f.  prakt.  Chem.  63,  194. 

f  Compare  Petzholdt,  he  ciU  ;  Ebelmen  (Compti  lend.  38.  681) ;  Derfll* 
(Compt  rend.  37,  1001 ;  Joum  f.  prakt  Chem.  62,  81);  Both  (Jouzn.  1  px&kt. 
Chem.  68,  84). 

X  If  the  residue  contains  sulphate  of  baryta  or  strontia,  these  compounds  are 
formed  again  upon  evaporating  the  soaked  mass  with  hydrochloric  acid ;  thej 
remain  accordingly  on  the  filter,  whilst  the  sulphuric  acid  formed  by  the  solphiix 
of  the  pyrites  passes  into  the  filtrate. 
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vhich  ifl  composed  of  magnesia  and  the  excess  of  lime,  wash  it,  precipi* 
tate  the  filtrate  with  cai'bonate  of  ammonia  and  ammonia,  and,  aftei 
long  standing,  filter  off  precipitate  YI.,  which  is  to  be  washed  with 
water  containing  ammonia. 

Precipitate  J,  consists  principally  of  silicic  acid.  It  may  also  contain 
sulphates  of  baryta  and  stroiitia.  Treat  it  in  a  platinum  dish  with 
hydrofluoric  acid  and  a  little  sulphuric  acid,  evaporate  to  dryness,  and, 
if  necessary,  repeat  tliis  operation.  Should  a  residue  remain,  fuse  it 
with  a  small  quantity  of  carbonate  of  soda,  treat  with  water,  filter,  wash, 
dissolve  in  hydrocblotic  acid,  and  precipitate  the  solution  with  sulphuric 
acid.  When  the  precipitate  has  settled  filter  it  from  solution  a,  and 
wash.  Stop  up  the  tube  of  the  funnel,  and  fill  the  latter  with  solution 
of  carbonate  of  ammonia,  allow  to  stand  J  2  hours,  open  the  funnel  tube, 
wash  the  residue  first  with  water,  then  with  hydrochloric  acid  (solution 
6),  finally  again  with  water,  and  then  weigh  the  pure  residual  sulphate 
of  baryta.  Mix  the  united  solutions  a  and  h  with  carbonate  of  am- 
monia and  ammonia,  allow  to  stand  some  time ;  if  a  precipitate  forms 
(which  may  contain  carbonate  of  strontia)  filter  it  off,  dry,  and  add  to 
precipitate  IV. 

Precipitate  II.  consists  principally  of  sesquioxide  of  iron ;  it  contains 
also  the  alumina,  and,  provided  there  is  enough  iron,  the  whole  of  the 
phosphoric  acid.  Dissolve  in  hydrochloric  acid,  add  pure  tartaric  acid, 
and  then  ammonia.  Having  fully  convinced  yoiirself  that  no  precipitate 
is  formed,  precipitate  the  iron  with  sulphide  of  ammonium  in  a  small 
flask,  which  must  be  nearly  filled  and  closed,  allow  to  stand  till  the  fluid 
appeal's  of  a  pure  yellow  color,  filter,  wash  with  water  containing  sul- 
phide of  ammonium,  and  determine  the  iron  after  §  1 1 3,  2.  To  the  fil- 
trate add  a  little  pure  carbonate  of  soda  and  pure  nitrate  of  potassa, 
evapoi-ate  to  dryness,  and  ignite  till  the  i*esidue  is  white.  Add  water 
and  hydrochloric  acid  till  the  whole  is  dissolved,*  and  precipitate  the 
clear  fluid  vnxh  ammonia.  If  a  precipitate  forms  (alumina  or  pliosphate 
of  alumina,  or  a  mixture  of  both),  filter  it  off,  and  weigh.  Mix  the  fil- 
ti'ate  with  a  little  sulphate  of  magnesia.  If  another  precipitate  forms, 
this  time  consisting  of  ammouioj>>/M>^Aato  of  magnesia  (which  is  to  be 
determined  after  §  134,  I.,  h,  a)  the  alumina  precipitate  may  be  calcu- 
lated as  p1io»phaie  of  alumina  (Al.^  O3,  P  0^).  If,  on  the  contrary,  no 
precipitate  is  formed,  the  phosphoiic  acid  must  be  determined  in  the 
alumina  precipitate  as  directed  §  134,  I.,  5,  ^. 

Precipitate  III.  consists  principally  of  sulphide  of  manganese.  It 
may  also  contain  traces  of  sulphides  of  nickel,  cobalt,  and  zinc,  car- 
bonate of  lime,  (fee.  Treat  with  moderately  dilute  acetic  acid,  heat  the 
filtrate,  to  remove  any  carbonic  acid,  add  ammonia,  precipitate  with  sul- 
phide of  ammonium,  allow  to  stand  24  hours,  and  determine  the  man- 
ganese as  protosulphide  (§  109,  2).  If  any  residue  was  left  insoluble  in 
acetic  acid,  test  it  for  the  above-mentioned  metals.  The  fluid  filtered 
from  the  pure  sulphide  of  manganese  is  to  be  mixed  with  carbonate  o£ 
ammonia.     If  a  precipitate  forms  it  is  to  be  treated  with  precipitate  lY. 

Precipitates  iV.  V.  VI.  The  united  mass  of  these  precipitates,  to- 
getner  with  the  small  portions  of  alkaline  earthy  carbonates  obtained 
during  the  treatment  of  precipitates  I.  and  III.  contain  the  whole  of  the 

*  I  may  remind  the  operator  that  the  residue,  which  contains  nitric  acid,  can* 
not  be  heated  with  hydrochloric  acid  in  a  platinum  dish. 
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sti-onfcia  and  the  ^hole  of  the  baryta  which  originally  parsed  iiito  the 
hydrochloric  acid  solution*  Ignite  the  dried  precipitate  (if  neceB8ai*y  in 
poi-tioDs)  in  a  platmum  crucible,  most  intensely  over  the  gas  blow|)ipe. 
By  this  means  any  carbonates  of  bai'yta  and  strontia  are  converted  into 
the  caustic  state,  and  a  part,  at  all  events,  of  the  carbonate  of  lime  into 
lime  (Enqelbach  *).  Boil  the  residue  5  or  6  times  with  small  portiona 
of  water,  pouring  off  the  solution  through  a  filter  ;  neutralize  the  solu- 
tion with  hydrochloric  acid,  evaporate  to  dryness,  and  test  a  minute 
poi*tion  with  the  spectroscope — this  minute  portion  is  afterwards  added 
to  the  rest.  If  strontia  and  lime  alone  are  present,  separate  according 
to  28.    If  baryta  is  present,  separate  the  three  alkaline  earths  after  24* 

bb.  Although  it  is  possible  in  oa  to  test  for  metals  precipitable  by 
sulphuretted  hydrogen  from  acid  solution,  e.g,^  copper,  and  if  required 
to  determine  them,  still  it  is  more  convenient  to  employ  a  fresh  quainter 
of  the  hydrochloric  acid  solution  for  this  puipose.  The  predpitate  ob- 
tained by  passing  the  gas  into  the  warm  dilute  solution  is  washed,  dried, 
and  treated  with  bisulphide  of  carbon.  If  a  I'esidue  remains  it  is  to  be 
examined. 

cc.  The  remaining  quarter  of  the  dilute  hydrochloric  acid  solution  is 
used  for  the  estimation  of  the  eUkalies.j  Mix  with  chlorime  water,  then 
with  ammonia  and  carbonate  of  ammonia ;  after  allowing  the  mixture  to 
stand  for  some  time,  filter  off  the  precipitate,  evaporate  the  filtrate  to 
dryness,  ignite  the  residue  in  a  platinum  dish  to  remove  the  ammonia 
salts,  and  finally  separate  the  magnesia  from  the  alkalies  aA  directed  p. 
345,  15,  The  reagents  must  be  most  carefully  tested  for  fixed  alkalies, 
and  the  use  of  glass  and  porcelain  vessels  avoided  as  far  as  ])racticable. 

Should  the  limestone  contain  a  sulphate  soluble  in  hydrochloric  acid, 
precipitate  the  sulphuric  acid  by  a  small  excess  of  chloride  of  barium, 
allow  to  settle,  and  filter  off  the  sulphate  of  baryta  (which  is  to  be 
determined  in  the  usual  manner)  before  proceeding  as  above  to  the  esti- 
mation of  the  alkalies. 

h.  As  calcite  and  aragonite  may  contsAn  Jltwrideg  (JenzschJ),  the 
possible  presence  of  fluorine  must  not  be  disregarded  in  accurate  analy- 
ses of  limestones.  Treat,  thei*efore,  a  larger  sample  of  the  mineral  with 
acetic  acid  until  the  carbonate  of  lime  and  carbonate  of  magnesia  are 
decomposed ;  evaporate  to  dryness  until  the  excess  of  acetic  acid  is  com- 
pletely exj»elled,  and  extract  the  residue  with  water  (§  138,  1.).  We 
have  the  ii\ioriiie  in  the  residue.  If  it  can  be  distinctly  detected  in  a 
portion  of  tlie  same,||  the  determination  may  be  attempted  after  §  IGG,  5. 

*.  If  the  limestone  under  examination  contains  cMarides,  treat  a  large 
sample  with  water  and  nitric  acid,  at  a  very  gentle  he^t ;  filter,  and  pi-e- 
cipitate  the  chlorine  from  the  filti-ate  by  solution  of  nitrate  of  silver. 

k.  It  is  often  interesting  for  agriculturists  to  know  the  degree  of  solu- 

•  Zeitschrift  f  analyt.  Chem.  1,  474. 

f  The  simplest  way  of  ascertaining'  whether  and  what  alkalies  are  present  in  a 
limestone,  is  the  process  given  by  Engfelbach  (AnnaL  d.  Chem  u.  Pliarm.  123, 
260) —viz..  ignite  a  portion  of  the  triturated  mineral  strongly  in  a  platinum  carn- 
oible  over  the  blast,  boil  with  u  little  water,  filter,  neutralize  with  hydrochloriQ 
acid,  precipitate  with  ammonia  and  carbonate  of  ammonia,  filter,  evaporate  th« 
filtrate  to  dryness  and  examine  with  the  spectroscope.  The  carbonate  of  ammo- 
nia precipitate  may  be  evaporated  with  hydrochloric  aoid  to  dryness,  and  exam* 
ined  in  like  manner  for  baryta  and  strontia. 

t  Fogg.  Annal.  90,  145.  |  See  Qual  AnaL  S^  146,  6. 
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bility  of  a  sample  of  limestone  or  marl  in  the  weaker  solvents.  Thii 
may  be  ascertaineil  by  treating  the  sample  first  with  water,  then  with 
acetic  acid,  finally  with  hydrochloric  acid,  and  examining  each  solution 
and  the  residue.  The  analyses  of  marls  made  by  C.  Struckmann  *  were 
done  in  this  manner. 

I.  To  effect  the  separation  of  the  caustic  or  carbonated  lime,  in  hy- 
draulic limes,  from  the  silicates,  Deville  f  proposed  to  boil  with  solution 
of  nitrate  of  ammonia,  which  he  stated  would  dissolve  the  caustic  lime 
^nd  carbonate  of  lime,  withoiit  exercising  a  decomposing  action  on  the 
silicates.  Gunning  J  found,  however,  that  by  this  process  the  double 
silicates  of  alumina  and  lime  are  more  or  less  decomposed,  with  separa- 
tion of  silicic  acid.  As  yet  no  method  is  known  by  which  the  object 
here  stated  can  be  accomplished  with  absolute  accuracy  ;  the  best  way. 
perhaps,  is  treating  the  sample  with  dilute  acetic  acid  ;  C.  Knausz  | 
recommends  hydrochloric  acid. 

B.  YoLUMETRic  Determination  op  Carbonate  of  Lime  and  Carbon- 
ate OF  Magnesia  (for  technical  purposes). 

§  222. 

a.  If  a  mineral  contains  only  carbonate  of  lime,  the  amount  of  the 
latter  may  be  estimated  from  the  quantity  of  acid  requiied  to  effect  its 
decomposition,  the  method  described  in  §  210  being  employed  for  the 
purpose.  Or  the  carbonic  acid  in  the  mineral  may  be  determined,  say 
by  the  method  described  p.  291,  cc,  and  1  eq.  carbonate  of  lime  =  50 
calculated  for  each  eq.  carbonic  acid  =  22. 

b.  But  if  the  minei*al  contains,  besides  carbonate  of  lime,  also  carbo- 
nate of  magnesia,  the  results  obtained  by  either  process  give  the  quan- 
tity of  carbonate  of  lime  -f  carbonate  of  magnesia,  the  latter  being  ex- 
pressed by  its  equivalent  quantity  of  carbonate  of  lime  (i.e.,  50  of 
carbonate  of  lime  for  42  of  carbonate  of  magnesia).  If,  therefore,  you 
desire  to  know  the  actual  amount  of  each,  you  must,  in  addition  to  the 
above  determination,  estimate  one  of  the  earths  separately.  For  this 
purpose  one  of  the  two  following  methods  may  be  employed  : — 

1.  Mix  the  dilute  solution  of  2 — 5  gi-m.  of  the  mineral  with  ammo- 
nia and  oxalate  of  ammonia  in  excess,  allow  to  stand  for  12  hours  and 
then  filter.  Ignite  the  precipitate  of  oxalate  of  lime,  together  with  the 
filter,  and  treat  the  carbonate  of  lime  produced  as  directed  §  210.  This 
process  gives  the  amount  of  lime  contained  in  the  analyzed  mineral ; 
the  difference  between  this  and  the  former  result  gives  the  carbonate  of 
lime  which  is  equivalent  to  the  amount  of  carbonate  of  magnesia  present. 
To  obtain  perfectly  accurate  results  by  this  method,  rei)eated  precipi- 
tation is  indispensable  (see  §  154,  6,  a), 

2.  Dissolve  2 — 5  grm.  of  the  mineral  in  the  least  possible  excess  of 
hydrochloric  acid,  and  add  a  solution  of  lime  in  sugar  water  as  long  as  a 
precipitate  forms.  Bv  this  operation  the  magnesia  only  is  precipitat- 
ed. Filter,  wash,  and  treat  the  precipitate  as  directed  §  210  ;  the  result 
represents  the  quantity  of  the  magnesia.     Deduct  the  quantity  ^f  car- 

•  Annal  d  Cheirt.  u.  Pharm.  74,  170. 

{Gompt.  rend,  87,  1001 ;  Journ.  f.  prakt.  Ghem.  63,  81. 
JonriL  f.  prakt.  Ghem.  62,  818. 
Gewerbeblatt  aus  Wurtembeig,  1805,  Nr.  4;  Ghem.  GentzalbL,  1855,  841 
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bouate  of  lime  equivalent  thereto  from  the  result  of  the  total  determii 
nation  ;  the  remainder  is  the  amount  of  carbonate  of  limo  present. 
The  method  2  is  only  suitable  when  the  proportion  of  magnesia  is  small* 

[11.  Analysis  of  Ibok  Ores. 

§  223. 

Tlie  ore  is  averaged,  a  sample  of  3 — 10  grm.  is  finely  pulverized,  and 
the  air-diy  substance  is  preserved  in  a  tightly  stoppered  bottle. 

A.  Estimation  of  Iron. 

Solution,  In  case  of  spathic  iron  and  hydrous  hematites,  the  ore  (1 
grm.)  may  be  dissolved  in  strong  hydrochloric  acid  with  aid  of  a  gentle 
heat.  In  presence  of  protoxide  of  iron,  sulphides,  or  organic  matters, 
add  i^owdered  nitre,  and  heat  until  these  substances  are  oxidized,  then 
cautiously  add  sulphuric  acid  in  excess,  and  evaporate  until  fumes  of 
this  acid  appear.  A  residue  of  silica  may  be  disregarded,  unless  its  quan- 
tity be  so  large  as  to  interfere  with  accurate  division  of  the  solution.  In 
the  latter  case  it  must  be  filtered  off.  Dilute  to  100  c.  o.  If  the  ore  be 
slowly  soluble  or  insoluble  in  hydrochloric  acid,  it  is  best  to  mix  it  well 
with  thrice  its  weight  of  carbonate  of  soda  (if  sulphides  or  organic  matters 
be  present,  roast  the  ore  in  a  porcelain  crucible  before  mixing  with  soda, 
or  add  to  the  mixture  a  suitable  proportion — ^ — of  pulverized  nitre) 
and  fuse  for  15  minutes.  Dissolve  the  fused  mass  with  a  small  bulk  of 
dilute  sulphuric  acid  (1  volume  of  acid  to  4  volumes  of  water),  if  nitre 
was  employed,  or  silica  is  present  in  the  fusion,  evaporate  until  vapors 
of  sulphuric  acid  arise,  and  dilute  to  100  c.  c. 

Determination  oftlte  iron  is  made  volumetrically,  on  portions  of  25  c.  c, 
either  with  permanganate  of  potassa  after  previous  i*eduction  by  means 
of  zinc,  or  directly  by  standard  solution  of  hyposulphite  of  soda,  p.  203. 

In  presence  of  titaniimi  the  latter  method  must  be  employed,  because 
titanic  acid  is  partially  reduced  by  zinc,  as  shown  by  the  purple  tint  of 
the  solution. 

B.  Estimation  of  Iron,  Manganese,  Siuca,  and  Phosphoric  Acib. 

The  ore  (2  grm.)  is  fluxed  with  carbonate  of  soda  as  described  in  A, 
dissolved  in  dilute  sulphuric  aciJ,  evaporated  and  heated  until  fumes  of 
sulphuric  acid  begin  to  appear,  treated  with  water,  and  filtered  off  fix>iu 
silica.  The  filtrate  is  diluted  or  concentrated  to  200  c.  c.  and  iron  es- 
timated in  portions  of  25  c.  c,  by  hyposulphite,  p.  203.  From  100 
c.  c.  the  iron  is  thrown  down  by  acetate  of  soda,  p.  123,  e. 

Manganese  is  estimated  in  the  filtrate  by  precipitation  with  bromine, 
p.  184,  rf,  and  if  the  quantity  be  large,  by  subsequent  conversion  into 
pyrophosphate.  The  operator  must  not  omit  to  satisfy  himself  of  the 
complete  separation  of  manganese,  by  testing  the  clear  liquid  or  filtrate 
with  bromine  and  warming.  If  the  solution  is  or  becomes  strongly 
acid,  nearly  neutralize  it  with  carbonate  of  soda  before  adding  bnv 
mine.  The  final  filtn.te  from  the  bromine  precipitates  should  be  neu- 
tralized with  ammonia  and  tested  with  sulphide  of  ammonium,  p.  184,  e. 
tn  order  to  be  certain  of  the  complete  precipitation  of  manganese. 
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Pho9p1uyi'ic  acid^  if  pr^ent,  exists  in  the  precipitate  by  acetate  of  so<ia 
This  is  dissolved  in  nitric  acid,  diluted  to  200  c.  c,  and  precipitated  by 
means  of  molybdenum  solution.  The  phosphoric  acid  is  weighed  as  py- 
rophosphate of  magnesia.  The  directions  found  on  p.  271  must  be 
strictly  followed.  If  arsenic  acid  be  present,  this  must  be  removed  by 
jiassing  sulphuretted  hydrogen  at  70°  through  the  sulphuric  solution, 
which,  after  removal  of  the  sulphide  of  arsenic,  must  be  heated  with 
nitric  acid  to  peroxidize  the  iron. 

C.  Estimation  op  Sulphur. 

Tn  presence  of  pyrites  fuse  the  ore  (1 — 3  grm.)  with  thrice  its 
weight  of  carbonate  of  soda  and  nitre,  both  free  from  sulphur,  in  a 
porcelain  dish,  acidulate  with  hydrochloric  acid,  evaporate  to  dryness 
over  the  water-bath  to  separate  silica,  and  precii)itate  with  chloride 
of  barium.  To  purify  the  BaO  SO,,  when  yellow  from  presence  of  iron, 
fuse  it  with  ca,rbouate  of  soda,  extract  the  fused  mass  with  water,  aci- 
dulate the  aqueous  solution  (filtei-ed  off  from  Fea  O3  and  BaO  COj)  with 
hydrochloric  acid,  and  precipitate  again  with  chloride  of  barium. 

D.  Estimation  op  Titanium. 

Titanium  is  estimated  in  1 — 5  gnu.  of  ore,  which  should  be  fused 
with  soda,  the  fused  mass  dissolved  in  excess  of  sulphuric  acid,  evapo- 
rated to  dryness  cautiously  in  an  air-bath,  the  heat  being  gradually  rais- 
ed until  the  bisulphate  of  soda  fonued  passes  into  fusion  at  a  low  red 
heat.  Cover  the  cold  mass  with  cold  water,  let  stand  a  number  of  hours 
until  it  is  thoroughly  softened  and  dissolved,  dilute  to  500 — 700  c.  c, 
filter  off  from  silica,  add  bisulphite  of  soda  to  reduce  the  iron  to  pro- 
toxide, heat  to  boiling  for  an  hour  or  more,  replacing  the  eva]>oi*ated 
water,  and  adding  bisulphite  of  soda,  or  solution  of  sulphurous  acid, 
from  time  to  time.  The  titanic  acid  is  then  thrown  down  completely, 
provided  too  much  free  sulphuric  acid  be  not  present.  Filter  and  wash 
with  hot  water.  To  the  filtrate  and  washings  add  more  sulphurous  acid, 
or  sulphite,  and  if  strongly  acid  nearly  neutralize  with  carbonate  of 
soda,  and  boil  for  thirty  minutes  longer ;  filter  ofi*  any  additional  pi*eci- 
pitate,  and  repeat  the  operation  as  long  as  titanic  acid  sepai^ates.  Test 
100  c.  c.  of  the  last  filtrate  by  concentrating  with  sulphuric  acid  and 
zinc,  to  be  ceii4iin  that  all  titanic  acid  is  preci})ita,ted.  The  impure 
titanic  acid  thus  obtained  is  ignited  and  weighed,  see  p.  178.  It  is 
then  itMlissolved  by  fusion  with  bisulphate  of  soda,  and  treatment  with 
cold  water,  and  either  reprecipitated  by  boiling  its  solution,  mixed  with 
sulphurous  acid  as  before,  in  order  to  obtain  it  free  from  iron,  or  the 
iron  may  be  determined  volumetrically  in  the  solution  by  means  of 
hyposulphite  of  soda,  p.  203,  3,  &,  and  the  titanic  acid  estimated  by  dif- 
ference.) 

12.  Assay  of  Copper  Ores.* 

§  224. 
A.  Mohr's  Mei!u>dfor  Oxides^  SUicateSy  and  CarharuUes  of  Copper, 
Powder  the  ore  finely ;  if  rich,  take  1  grm.,  if  poor,  3  grm.     Treat  in 

*  See  also  STEnrnscK^s  Method,  Chemical  Kews,  v.  19,  p.  207,  and  Li7CK0W*f 
Method,  id«m.  p.  221. 
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a  porcelain  dish  of  10  cm.  diameter  with  some  isulphuric  acid,  water,  and 
nitric  acid,  cover  the  dish  with  a  large  watch-glass  and  heat  to  boiling. 
As  soon  as  the  mass  is  nearly  dry  and  ceases  to  spirt,  remove  the  watch- 
glass  and  increase  the  flame,  maintaining  an  elevated  temperature  till 
no  more  i^mes  escape;  allow  to  cool,  add  distilled  water,  heat  to  boiling, 
Alter  into  a  small  platinum  dish,  wash  with  hot  water,  evaporate  the 
washings  and  transfer  them  also  to  the  platinum  dish,  and  finally — ^hav- 
ing made  quite  sure  that  the  residue  insoluble  in  water  gives  up  no  cop- 
per to  acids — precipitate  the  copper  with  zinc,  after  p.  229,  2,  a.  The 
light-red  color  of  the  copper  is  an  indication  of  its  purity.  It  will  be 
seen  that  we  liave  in  view  in  tliis  process  the  removal,  as  far  as  possible,  o± 
the  metals  precipitable  by  zinc,  viz. :  lead,  antimony,  and  tin.  [  Arsenic 
is  not  fully  removed,  and  in  tliis,  as  in  the  following  processes,  must  be 
separated  by  sulphide  of  sodium.    128)  P*  329.] 

[B.  GiBBs'  Method  for  Sulphides* 

Mix  the  finely  pulverized  ore  in  a  porcelain  crucible  with  3 — 4  times  its 
weight  of  a  mixture  of  10  parts  of  nitre,  and  14  parts  of  bisulphate  of 
potash.  Heat  the  whole  slowly  to  low  I'edness — best  in  a  muffle.  The 
sulphides  are  completely  oxidized  without  frothing.  Add  enough  sul- 
phuric acid  to  convert  all  the  sulphate  of  potash  into  bisulphate,  and 
heat  again  carefully  until  the  contents  of  the  crucible  fuse  to  a  clear 
mass.  Di&bolve  in  water,  filter  from  silica^  etc.,  and  precipitate  the  cop 
per  as  described  p.  229,  6.] 

[C.  Storbr  and  Pearson ^s  Meiliodfor  SiUphides.f 

The  ore,  2 — 5  grm.,  is  pulverized  and  mixed  with  its  bulk  of  powdered 
chlorate  of  potash  in  a  porcelain  dish,  and  covered  with  a  watch-glass  or 
inverted  fv/nnel ;  add  nitric  acid  of  ordinary  strength,  rather  more  than 
would  be  sufficient  to  cover  the  powder.  Heat  to  gentle  ebullition,  add- 
ing from  time  to  time  chlorate  of  potash,  if  needful,  until  the  sulphur  is 
completely  oxidized.  Binse  the  cover  into  a  separate  beaker.  When  the 
contents  of  the  porcelain  dish  are  cold,  add  a  quantity  of  strong  hydro- 
chloric acid,  rather  lai'ger  than  the  quantity  of  nitric  acid  first  employed ; 
evaporate  the  whole  to  dryness,  to  render  silica  insoluble.  Treat  the 
residue  with  water,  and  mix  the  whole  with  the  rinsings.  Heat  the  liquid 
nearly  to  boiling,  and  add  strong  solution  of  protosulphate  of  iron, 
slightly  acidulated  with  sulphuiic  acid ;  keep  the  whole  hot  until  the 
contents  of  the  beaker  become  almost  black,  and  no  more  gas  is  disen- 
gaged. 

When  the  nitric  acid  has  been  reduced  by  this  treatment,  filter  into 
a  wide  beaker  and  precipitate  by  a  clean  sheet  of  iron,  or  by  a  fiat  coil 
of  iron  wire.  Wash  the  metallic  copper  with  water,  then  with  alcohol, 
and,  if  need  be,  ignite  it  in  a  current  of  hydrogen  before  weighing.^] 

[•  Am  Jonm.  ScL,  xliv.  212.] 

[f  Am.  Joum.  ScL,xlviii  19i] 

[I  The  precipitation  by  iron  succeeds  well  when  iron  can  be  obtained  which 
diesolyes  in  dilate  acid  without  the  separation  of  black  particles  or  flakes  in  weigh- 
able  quantil^.  If  the  copper  solutioii  be  cold,  dilate,  and  nearly  neatml  when  the 
iron  is  first  placed  in  it,  the  copper  has  little  adhesion  to  the  iron^  and  may  be  readily 
detached  from  it  for  the  purpose  of  weighing.  If,  as  soon  as  the  iron  is  coated 
with  copper,  hydrochloric  acid  (20  c.  c.)  be  added,  and  the  whole  be  heated  to 
Dear  the  boiling-point,  and  maintained  at  that  temperature,  but  witbtmt  ebnlU* 
tion,  ^e  residue  of  the  copper  is  deposited  as  a  spongy  coherent  nuuB,  wlii<^ 
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13.  Analysis  of  Galena. 

§  225. 

This  is  the  most  wilely  spread  of  the  lead  ores.  It  froquenlly  con- 
tains larger  or  smaller  quantities  of  iron,  copper,  and  silver,  occasion- 
ally traces  of  gold,  and  commonly  also  more  or  less  gangue,  insoluble  in 
acids. 

Reduce  the  ore  to  a  fine  powder,  and  dry  at  100®. 

Oxidize  a  weighed  quantity  ( 1 — 2  grm.)  with  highly  concentrated  red 
fuming  nitric  acid,  free  from  chlorine  and  sulphuric  acid  (see  p.  32G). 
For  this  purpose  use  a  capacious  flask,  covered  during  the  operation  with 
a  watch-glass ;  do  not  put  the  tube  in  which  the  powder  was  weighed 
into  the  flask.  If  the  acid  is  sufficiently  strong,  the  sulphur  will  be 
fully  oxidized.  After  you  have  warmed  gently  for  a  long  time,  add  3  or 
4  c.  c.  pure  concentrated  sulphuric  acid,  which  you  have  previously  di- 
luted with  a  little  water,  and  heat  on  an  iron  plate,  till  all  the  nitric 
acid  is  evaporated.  Dilute  with  water,  filter,  wash  the  residue  with 
water  containing  sulphuric  acid,  and  displace  the  latter  with  alcohol. 
Collect  the  alcoholic  washings  separately. 

a.  Dry  the  residue^  ignite,  and  weigh  (§  116,  3).  It  consists  of  sul- 
phate of  lead,  gangue  undecomposed  by  the  acid,  silicic  acid,  kc.  Heat 
the  whole,  or  a  fractional  part,  with  hydrochloric  acid  to  boiling ;  let 
the  insoluble  matter  subside,  and  then  decant  the  supernatant  clear 
liquid  on  to  a  filter ;  pour  a  fresh  portion  of  hydrochloric  acid  on  the 
residue,  boil  again,  allow  to  subside,  and  decant,  and  repeat  this  opera- 
tion until  the  sulphate  of  lead  is  completely  dissolved  ;  finally,  place  th€< 
residue  on  the  filter,  and  wash  with  boilii^  water  until  every  li*ace  of 
chloride  of  lead  is  removed  ;  dry,  ignite,  and  weigh  the  residue.  Sub- 
tract the  weight  found  from  that  of  the  original  residue  :  the  diflerenoe 
expresses  the  quantity  of  sulphate  of  l^tod  which  the  latter  contained. 
Instead  of  using  hydrochloric  acid,  the  sulphate  of  lead  may  also  be  dis- 
solved by  heating  with  an  aqueous  solution  of  tartrate  or  acetate  of  am- 
monia and  caustic  ammonia ;  or  it  may  be  first  converted  into  carbonato 
of  lead,  by  digestion  with  solution  of  carbonate  of  soda,  washed  and 
dissolved  in  dilute  nitric  acid. 

h.  The  sulphwric  add  solution  is  free  from  any  weighable  ti-ace  of  lead, 
if  the  process  has  been  properly  conducted.  It  contains  the  metals  pre- 
sent in  the  ore  in  addition  to  lead.  First  add  some  hydrochloric  acid, 
to  precipitate  the  silvei',  if  present.  If  a  turbidity  or  precipitate  is 
formed,  keep  the  fluid  for  some  time  in  a  warm  place,  till  the  chloride 
of  silver  has  subsided.  Tlie  latter  is  filtered  ofl*  and  may  be  determined 
after  §  1 15,  1.  In  the  case  of  veiy  small  quantities,  I  prefer  to  incin- 
erate the  filter  with  the  precipitate  in  a  porcelain  crucible,  to  ignite  the 
residue  for  a  short  time  in  hydrogen,  to  dissolve  the  trace  of  metallic 
silver  in  nitric  acid,  to  evaporate  the  solution  in  the  crucible  to  dryness, 
to  take  up  the  residue  with  water,  and  to  estimate  the  silver  in  the  solu- 
tion by  FiSANf  s  method  (p.  215). 

with  care,  may  be  removed  from  the  iron  and  washed  without  falling  to  pieces 
or  oxidizing  (see  p:  220,  2,  a,  for  details  of  washing).  If  the  copper  should  be 
difficult  to  collect  by  decantation,  it  may  be  gathered  on  a  small  filter^  and,  aftei 
bomjng  the  latter,  may  be  either  reduced  by  hydrogen  or  oaloined  to  oxide  (p. 
229.  bott  m).] 
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Precipitate  the  fluid  fQtered  from  the  chloride  of  silver  with  8ulj)hu- 
retted  hydrogen.  The  precipitate  generally  coutaius  a  little  sulphide  of 
copper^  occasionally  also  other  sulphides.  Separate  these,  as  well  as  the 
metals  in  the  filtrate,  which  are  precipitable  by  sulphide  of  ammonium 
(tron,  zinc^  <fec.),  according  to  the  methods  of  Section  V. 

The  foregoing  method  does  not  enable  the  assayer  to  determine  very 
small  quantities  of  silver*  and  the  trifling  traces  of  gold  which,  accord- 
ing to  Percy  and  Smith,!  *re  often  found  in  galena.  To  eflect  this,  it 
is,  in  the  first  ])lace,  necessary  to  produce  a  button  containing  the  whole 
or  part  of  the  lead  of  the  galena,  and  the  whole  of  the  silver  and  gold, 
and  then  to  separate  the  latter  metals.  This  is  accomplished  as  described 
in  §  226  and  §  227. 

[For  the  estimation  of  the  sulphtir,  take  a  fresh  portion  of  the  pulver- 
ized ore  and  bring  it  into  solution  by  method  C,  p.  526,  filter  fi-om  silica, 
in  presence  of  iron,  add  a  lump  of  solid  tartaiic  acid,  precipitate  hot  by 
chloride  of  barium,  and  wash  by  decantation  first  with  hot  water,  and 
finally  with  dilute  solution  of  acetate  of  ammonia.  The  tartaric  acid 
prevents  precipitation  of  iron,  the  acetate  of  ammonia  purifies  the  pre- 
cipitate from  alkali  and  baryta  salts. — Storer  and  Pearson.|] 

[14.  Silver  Assay. 

§  226. 

Assay  hy  Scorification  and  CupeUaiwru 
A.    Ores  Poor  in  Silver. 

1.  Preparation  of  the  Ore.  The  well-sampled  ore  is  pulverized  and 
passed  through  a  sieve  with  60  to  80  holes  to  the  linear  inch.  If  par- 
ticles of  metallic  silver  or  malleable  ore  remain  upon  the  sieve,  ^ey 
must  be  assayed  separately. 

Tliejiuxes  requii-ed  are,  1,  Assay  lead^  prepared  by  shaking  melted 
lead  in  a  wooden  box  and  sifting  through  meshes  of  -^  inch  ;  2,  Sorax 
or  boraa-fflaits  /  and  3,  Quartz  sand  or  powdered  glasSj  to  foim  silicates 
with  the  metallic  and  earthy  oxides,  and  also  sometimes  to  prevent  th6 
oxide  of  lead  from  destroying  the  scorifier.  The  "proportions  of  the 
fluxes  vary  with  different  ores,  and  should  be  suflEicient  to  foim  a  liquid 
slag  and  a  lead  button  of  convenient  size.  The  addition  of  too  much 
borax  will  envelop  the  metallic  lead  before  sufficient  oxide  of  lead  is 
formed  to  decompose  the  silver  compounds. 

Qalena  requires  6  parts  lead  and  no  borax ;  quartzose  ores  about  8 
parts  and  no  borax ;  blende,  mispickel,  and  pyrites  about  16  parts,  and 
J-  to  1  part  borax ;  copper  and  tin  compounds  20  to  30  of  lead,  and 
nickel  and  cobalt  even  more  ;  nickdspeise  1 6  paints  of  lead  and  repeated 
scorifications ;  ores  containing  calcite,  dolomite,  barytes,  or  fluorspar,  8 
parts  of  lead  and  12  parts  borax  or  glass.  In  case  of  doubt  as  to  Uie 
nature  of  th^  ore,  begin  with  8  parts  of  lead,  and,  if  the  fusion  is  not 
good,  repeat  with  a  larger  proportion  of  lead. 

*  Argentiferous  galenas  generally  contain  only  between  O^KJ  to  0*18,  ittralj 
above  0'5Jt  silver ;  and  a  great  many  contain  far  less  than  0'03H. 
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2.  ScorificcUioTU  The  objects  of  this  process  are  to  concentrate  all  the 
silver  in  a  lead  button,  to  decompose  the  sulphides,  etc.,  and  to  dissolve 
and  slag  oS  earthy  and  other  substances  by  means  of  the  oxide  of  lead 
formed. 

In  this  process  all  the  sulphur  of  the  heavy  metallic  sulphides  passes 
off  finally  as  sulphurous  acid.  Sulphides  of  the  alkalies  and  of  the 
alkaline  earths,  if  present,  are  oxidized  to  sulphates. 

Cfuirge  and  fu»ion,  2  to  4  grammes  of  the  sampled  ore  are  mixed 
with  half  the  assay  lead  required,  placed  in  a  scorifier,*  and  covered  with 
the  remainder  of  the  assay  lead.  If  borax  is  used,  it  is  best  placed  on 
top  of  the  assay,  but  glass  should  be  mixed  with  it.  The  charged 
scorifier  is  placed,  with  help  of  suitable  tongs,  in  a  red  hot  mufile.  (If 
no  mufile  is  at  hand,  the  fusion  may  be  made*  in  a  large  Hessian  cruci- 
ble, which  is  laid  on  its  side  on  a  good  bed  of  coals,  and  ])artly  covered 
with  charcoal.  The  mouth  can  be  closed  with  a  crucible  cover.)  A  piece 
of  glowing  charcoal  is  placed  on  or  by  the  scorifier,  the  mouth  of  the 
muffle  is  closed,  and  the  heat  kept  up.  The  lead  soon  fuses,  and  the 
ore,  being  lighter,  floats  on  the  surface  and  roasts.  From  tlie  appear- 
ance of  the  fumes  the  assayer  can  frequently  judge  of  the  nature  of  the 
ore ;  sulphur  giving  light  gray,  zinc  thick  white,  arsenic  grayish,  and 
antimony  bluish  fumes.  After  15  to  20  minutes  the  assay  has  melted 
down,  and  a  fluid  slag  has  formed  at  the  periphery  of  the  glowing 
metal ;  the  latter  meantime  gives  off"  fumes  of  oxide  of  lead.  With  difli- 
cultly  fusible  ores  it  may  require  30  minutes  for  complete  fusion,  and  even 
then  it  may  be  necessary  to  add  more  lead  or  borax.  The  latter  should 
be  wrapped  in  stifi'  pa[)er  and  placed  on  the  assay  with  tongs.  The 
paper  keeps  the  borax  from  contact  with  the  assay  till  its  water  is  driven 
off",  thus  preventing  a  loss  by  sputtering.  If  the  ore  contains  much 
zinc,  it  is  better  to  volatilize  this  metal  by  covering  the  scorifier  with 
glowing  coals,  closing  the  mufile  and  increasing  the  heat,  as  oxide  of 
zinc  forms  a  stiff  slag.  The  mufile  is  now  opened,  and  the  slagging  is 
allowed  to  proceed  at  a  temperature  just  high  enough  to  keep  the  lead 
bright.  A  high  heat  hastens  the  process^  but  causes  a  loss  of  silver  by 
oxidation  and  volatilization.  When  the  slag  covers  the  button,  the 
heat  is  increased  for  a  few  minutes,  in  order  to  separate  any  metallic 
lead  which  may  be  mechanically  mixed  with  it.  The  assay  is  now 
poured  into  a  casting-plate,f  previously  warmed,  to  expel  the  moisture. 
K  no  casting-plate  is  at  hand,  the  assay  may  be  allowed  to  cool  in  the 
scorifier. 

The  button  should  separate  easily  from  the  slag,  and  must  be  per- 
fectly malleable.  It  is  entirely  freed  from  adhering  slag  hy  hammering 
into  a  cubical  mass,  and  is  then  ready  for  the  process  of  cupellation, 
vnless  too  large,  in  which  case  it  must  be  reduced  in  bulk  by  reheating 
on  a  fresh  scorifier.  If  the  button  be  hard,  or  contain  much  metallic 
copper,  more  lead  and  borax  are  added,  and  the  process  is  repeated. 
In  general  it  is  better  to  carry  the  scorification  as  &,r  as  possible,  since 


*  A  cap  of  baked  clay,  to  be  had  of  dealers  in  apparatus. 

t  The  casting-plate  ia  a  plate  of  sheet-copper  with  a  handle,  and  12 — 20  cui)- 
thaped  depressions,  each  \\  inch  wide  and  ^  inch  deep  ;  it  is  convenient  when 
leveral  assays  are  carried  on  together.     The  cups  are  rubbed  with  chalk  to  pre 
vent  the  button  from  adhering. 

34 
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experience  has  shown  that  there  is  less  loss  of  sil  /er  in  soorification 
than  in  cupellation. 

3.  Cupellation  (§  163,  10 ;  122)*  l^his  process  conaists  in  the  oxi« 
dation  of  the  lead  on  a  bone-ash  cupel,*  which  absorbs  the  oxide  of 
lead,  leaving  metallic  silver. 

The  cupel,  after  the  dust  is  blown  out,  is  placed  in  a  muffle  and  heated 
to  redness  to  expel  the  moisture.  If  this  precaution  be  neglected, 
the  escaping  vapor  causes  a  loss  of  the  alloy  by  sputtering.  The 
argentiferous  lead  is  carefully  placed  on  the  cupel,  a  piece  of  glowing 
charcoal  is  laid  near  it,  the  mouth  of  the  muffle  is  closed,  and  the  whole 
is  brought  promptly  to  fusion.  If  it  is  not  quickly  fiised,  particles  .of 
the  assay  are  liable  to  stick  to  the  sides  of  the  cupel,  causing  a  loss.  As 
soon  as  the  assay  has  "  cleared,"!  the  muffle  should  be  oi)ened,  the  char- 
coal removed,  and  the  heat  lowered  near  the  assay,  either  by  closing 
the  draughts  or  moving  the  cupel  nearer  the  mouth  of  the  muffle. 
The  oxidation  should  now  be  carried  on  at  as  low  a  heat  as  possible,  as 
a  high  heat  increases  the  volatilization  of  the  silver  along  with  the 
lead.  If  the  temperature  is  right,  imperfect  crystals  of  oxide  of  lead 
form,  and  the  fumes  rise  to  the  middle  of  the  muffle ;  but  if  the  fumes 
disappear  immediately  above  the  cupel,  whilst  the  latter  is  at  a  bright 
red  heat,  and  no  crystals  form,  the  heat  is  too  high.  If,  on  the  other 
hand,  the  cupel  is  dark  brown,  and  thick  fumes  rise  to  the  top  of  the 
muffle,  the  heat  is  too  low,  and  there  is  danger  of  solidification.  If  the 
assay  ^^  freezes  "  or  solidifies,  it  may  be  again  fused ;  the  results  are, 
however,  too  low,  as  silver  passes  into  the  bone-ash.  AUoys  containing 
copper  require  a  higher  heat  to  prevent  freezing.  Towards  the  close 
of  the  operation  the  heat  should  be  gradually  raised,  as  the  alloy  becomes 
less  fusible  with  the  increased  proportion  of  silver,  and  the  lead  oxidizes 
with  more  difficulty.  When  the  cupellation  is  nearly  finished,  a  play 
of  colors  is  seen,  and  the  button  suddenly  brightens  or  "  blicks,"  and 
becomes  white,  and  is  free  from  lead.  It  is  immediately  moved  towards 
the  mouth  of  the  muffle,  so  as  to  cool  slowly.  If  suddenly  cooled  it 
'*  sprouts,"  sometimes  throwing  i)article8  out  of  the  cupel,  owing  to  the 
sudden  escape  of  the  oxygen  which  molten  silver  absorbs,  unless  it 
contains  copper,  lead,  or  much  gold. 

The  button  must  separate  easily  from  the  cupel.  It  is  taken  up  by 
pincers  and  brushed  with  a  stifi'  brush.  It  should  be  well  rounded  and 
bright,  show  no  particles  of  bone-ash  under  a  magnifying  glass,  and  have 
no  projecting  ridges  caused  by  cracks  or  depressions  in  the  cupel,  as 
these  always  contain  lead.  The  silver  obtained  is  not  chemically  pure, 
but  the  amount  of  foreign  matters  is  so  small  that  no  notice  is  taken  of 
them  in  oi-e  assays,  and  moreover,  the  impurities  do  not  compensate  for 
the  loss  in  scorification  and  cupellation.  The  assay  lead  must  be  assayed, 
and  the  amount  of  silver  yielded  by  it  must  be  deducted  from  that  ob^ 
tained  from  the  ore.  The  weight  of  silver  in  milligrammes^  multiplied 
by  ^  J^,  gives  the  number  of  troy  ounces  per  ton  of  ore. 

1  Troy  ounce  of  pure  silver  is  worth  $1.29  gold. 


*  Cupels  are  most  conveniently  purchased  of  the  dealers  in  apparatua  Thej 
should  be  neither  too  porous  nor  too  compact.  In  the  former  case  silver  paasea 
into  the  bone-ash.  in  the  latter  the  oxide  of  lead  is  not  absorbed  with  Buffloieiift 
rapidity. 

f  i.e.  Exposes  a  bright  surface  of  lead. 
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Silver  ores  may  be  assayed  by  the  methods  described  in  §  227  for 
i;he  assay  of  gold  ores,  but  the  results  obtained  are  not  as  high  as  by  the 
doorification  method* 

B.  Ores  rich  in  Silver. 

Ores  of  1  per  cent,  or  more  are  assayed  as  described  under  A,  but  the 
loss  by  volatilization  iinpairs  somewhat  the  accuracy  of  the  result. 

C.  Bullion. 

Alloys  are  assayed  either  in  the  wet  way  or  by  cupellation,  as  de- 
scribed under  A,  3.  When  the  assay  contains  more  than  1  per  cent,  of 
silver,  the  loss  by  volatilization  must  be  taken  into  the  account.  This 
is  done  by  the  method  of  assaying  with  **  proofs,"  i.  e.,  the  composition 
of  the  alloy  is  determined  approximately,  if  not  already  known,  by  a 
preliminary  cupellation,  and  then  a  ^^  proof"  is  made  up  of  the  same 
composition  as  the  assay,  by  weighing  off  the  proper  quantities  of  pure 
metals ;  this  and  the  assay  are  then  melted  with  the  same  amount  of 
lead,  and  the  two  are  cupelled  together  side  by  side.  The  loss  of  the 
proof  is  added  to  the  result  of  the  assay.  The  numerous  details  of  the 
assay  with  proofs,  which  are  observed  in  order  to  accomplish  a  large 
amount  of  work  in  a  short  time,  are  properly  learned  in  assay  offices. 

15.  Gold  Assay. 

§  227. 

Crucible  Assay  and  Pa/rting» 

Ores  of  gold  may  also  be  assayed  by  the  scorification  method  (§ 
226),  but  on  account  of  the  difficulty  of  sampling,  it  is  better  to  take 
larger  amounts  of  ore  and  make  a  crucible  fusion. 

Gold  ores  may,  for  convenience,  be  divided  into  two  classes.  First, 
those  containing  little  or  no  sulphur ;  and  second,  those  containing  sul- 
phur, as  pyrites,  blende,  etc. 

A.  Ores  of  the  First  Class. 

1.  Meduction.  If  the  ore  consists  principally  of  quartz  or  silicates,  a 
fasion  with  litharge  and  a  reducing  flux  yields  a  uniform  brittle  vitreous 
slag,  and  a  lead  button  containing  the  gold  and  silver.  If  the  ore  con- 
tains basic  substances,  such  as  calcite,  oxide  of  iron,  etc.,  quartz  sand  or 
broken  glass  must  be  added. 

The  reducing  flux  mentioned  in  the  subsequent  directions  is  a  mix- 
tore  of  100  parts  of  bicarbonate  of  soda  and  20  pai'ts  of  flour. 

The  following  is  a  (k)nvenient  charge,  yielding  a  button  that  may  be 
directly  cupelled : — 

Ore 50  grm. 

Litharge 75  grm. 

Reducing  flux 4  grm. 

If  glass  is  added,  count  it  as  ore,  and  increase  the  litharge  and  redu- 
cing flux  proportionally. 

Mix  thoroughly ;  place  the  mixture  in  a  clay  crucible,  which  should 
not  be  more  than  two-thirds  filled.  Cover  one-quarter  inch  deep  with 
dry  chloride  of  sodium,  and  lute  on  the  cover,  or  the  luting  may  be  omit- 
ted if  care  be  taken  that  no  coals  get  into  the  crucible.     The  fusion 
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nmy  be  made  in  any  furnace  in  which  a  white  heat  is  obtainable,  best  in 
a  deep  wind  furnace. 

The  fii^e  is  kindled  at  the  top,  so  that  the  heat  shall  be  gradually  raised 
to  prevent  the  crucible  cracking.  A  dull  red  heat  is  kept  up  for  half 
an  hour,  and  a  white  heat  for  a  quarter  of  an  hour  longer.  Too  high  a 
heat  for  an  unnecessary  length  of  time  is  to  be  avoided,  as  the  litharge 
is  liable  to  flux  the  crucible.  Bemove  from  the  fire  while  hoti,  and  tap 
gently  on  the  hearth  to  collect  the  lead  into  a  button.  When  cool, 
crack  out  the  button,  which  should  separate  readily  from  the  slag,  and 
be  perfectly  malleable.  The  slag  should  be  unifoim  and  vitreous,  show- 
ing a  perfect  fusion,  and  should  include  no  metallic  globules. 

2.  CypeUatiaa,  The  button  contains  the  gold  and  silver,  and  is  cu- 
pelled as  dirc^cted,  p.  ii30.  A  higher  heat  is,  however,  necessaiy  to 
remove  the  last  traces  of  lead  than  if  no  gold  were  present.  There  is 
no  danger  of  spix)uting  if  the  alloy  contains  much  gold. 

3.  Parting,  Clean  the  gold  globule,  as  directed  p.  530,  weigh,  and 
add  pure  silver  if  necessary,  so  that  the  alloy  shall  contain  2^  parts  silver 
to  1  of  gold.  The  proportion  of  additional  silver  required  in  an  ore-assay 
may  be  commonly  judged  from  the  color  of  the  alloy.  If  it  is  bright  yel- 
low, add  2^  parts,  if  only  faint  yellow,  2  parts,  and  if  white,  1  part  or  less. 

The  silver  and  the  alloy  are  fused  together  on  charcoal  befoi-e  the 
blowpipe,  or,  better  still,  are  wrapped  in  sheet  lead,  and  cupelled  at  a  high 
heat.  The  button  is  hammered  and  rolled  into  a  long  thin  leaf,  care 
being  taken  that  no  particles  crack  off.  If  large,  it  must  be  annealed 
during  the  rolling,  by  heating  on  a  cupel  in  the  muffle. 

The  leaf  is  rolled  together  on  a  slender  rod  or  pencil,  and  placed  in  an 
assay  fl:\sk,  or  large  test-tube,  and  boiled  with  dilute  nitric  acid,  sp.  gr. 
1'16,  till  all  action  has  ceased  ;  the  acid  is  decanted,  and  the  boiling  re- 
peated with  acid  of  sp.  gr.  1*30. 

Wash  the  residual  gold  with  wat-er  free  from  chlorine  till  the  wash- 
ings give  no  reaction  for  silver,  fill  the  flask  with  water,  cover  its  mouth 
with  a  drying-cup  *  or  porcelain  crucible,  and  invert.  The  gold  quickly 
settles  to  the  bottom  of  the  cup.  The  flask  is  slowly  raised  till  the  cup 
is  nearly  full  of  water,  and  is  then  quickly  drawn  off  one  side.  The 
water  is  carefully  poured  out  of  the  cup,  and  the  gold,  if  in  sepai*ate  par- 
ticles, is  collected  in  a  drop  of  water  at  the  bottom.  After  thoroughly 
drying,  heat  to  redness  in  the  muffle,  but  not  to  fusion.  If  the  process 
has  been  properly  conducted  the  gold  remains  in  one  coherent  mass,  and 
may  be  readily  turned  into  a  weighing-cup.  The  litharge  must  be  as- 
sayed for  silver  w^ith  the  same  reducing  flux  as  was  used  with  the  oi-e. 

The  weight  of  the  button  obtained  by  cupellation,  less  that  of  the 
silver  yielded  by  the  litharge,  less  that  of  the  gold,  is  the  weight  of  the 
silver  in  the  ore. 

The  ounces  per  ton  are  calculated  as  directed  p.  530,  bottom. 

1  Troy  ounce  of  gold  has  a  value  of  $20.66. 

£.  Ores  of  the  Second  Class  (containing  Sulphur). 

1  Roasting  Process,  The  object  of  roasting  is  to  expel  the  sulphur, 
but  this  process  is  objectionable  on  account  of  the  mechanical  loss  of 
gold  occasioned  by  it.     The  operation  is  conducted  as  follows :  A  weighed 

*  The  dxying-cup  is  a  deep  narrow  veasel  of  biscuit  ware. 
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amount  of  the  ore  is  placed  in  an  iron  pan,  the  bottom  and  sides  of 
which  have  been  smeared  with  a  paste  of  clay,  or  Venetian  red,  and  water. 
This  coating  serves  to  protect  the  iron  from  the  action  of  sulphur,  and 
should  be  slowly  and  thoroughly  dried  to  prevent  cracking.  The  roast- 
ing is  carried  on  at  a  dull  red  heat,  with  frequent  Stirling,  imtil  most  of 
the  sulph\ir  is  driven  off.  Towards  the  close  of  the  process  the  heat  ia 
raised,  and  is  kept  up  till  the  odor  of  sulphurous  acid  is  no  longer  per- 
ceptible, and  a  moistened  blue  litmus  paper  held  a  few  inches  above  the 
ore  remains  unchanged.  The  ore  and  scrapings  from  the  pan  are  pulve- 
rized and  sifted.     The  following  are  the  proportions  of  the  charge : 

50  grms.  of  ore. 
20       "         powdered  glass. 
15       "         reducing  flux. 
100       "         litharge. 

Fuse  in  a  crucible  and  cupel,  as  dii'ected  for  ores  of  the  first  class. 

2.  Assay  hy  Litharge  and  Nitre,  In  crucible  fusions  of  auriferous 
sulphides,  advantage  is  taken  of  their  reactions  with .  oxide  of  lead. 
If  sulphides  are  fused  with  sufficient  litharge,  a  button  of  lead  and  a 
slag  free  from  sulphur,  or  containing  the  sulphates  of  the  alkalies  or 
alkaline  earths,  are  obtained,  but  the  lead  button  is  too  large  for  scoiifica- 
tion.  Pyrite  reduces  8^  parts,  chalcopyrite  and  blende  7  parts,  gray  cop- 
per and  sulphide  of  antimony  about  6  parts  of  lead.  Nitre  is  added  to 
prevent  too  much  lead  being  reduced ;  and,  to  determine  the  amount  of 
nitre  proper  to  use,  a  preliminary  assay  is  made  by  fusing  3  to  5  grm. 
of  the  ore  with  50  parts  of  litharge.  The  fusion  should  be  made  quickly, 
using  care  to  prevent  the  action  of  reducing  gases,  and  as  soon  as  the 
mass  ceases  to  boil,  the  crucible  should  be  removed  from  the  fire,  to  pre- 
vent the  litharge  destroying  it.  The  resulting  button  is  weighed,  and 
the  amount  of  lead  that  would  be  yielded  by  the  ore  required  for 
an  assay  is  cidculated.  If  this  amount  would  be  too  small  for  cupella- 
tion,  reducing  flux  must  be  added ;  if  of  the  right  size,  neither  reducing 
flux  nor  nitre  is  necessary,  but,  if  too  large,  nitre  must  be  added.  To 
find  the  weight  of  nitre  required  in  the  last  ca.se,  deduct  the  weight  of 
the  button  desired  for  cupel  lation  (10 — 15  grm.)  from  the  weight  of  the 
lead  which  would  be  produced  by  fusing  the  charge  of  ore  with  litharge 
alone,  and  divide  the  remainder  by  four ;  the  i-esult  is  the  weight  of  nitre 
required.  The  oxidizing  power  of  commercial  nitre  varies  so  much  that 
it  is  better  to  determine  "it  by  fusing  a  sample  with  litharge  and  a  redu- 
cing flux.  The  weight  of  lead  which  the  flux  alone  produces,  less  that 
obtained  when  a  given  weight  of  nitre  is  added,  is  the  weight  of  lead  oxi- 
dized by  the  nitre.  The  charge  is  made  of  the  following  propor- 
tions: 

Ore,  20  grm. 

Litharge,  100  to  160  grm.,  according  to  the  proportion  of  the  sulphides. 

Nitre,  amount  calculated. 

Bicarb,  soda,  20  grm. 

Mix  thoroughly,  place  in  a  thick  French  crucible,  which  should  not 
be  more  than  one-third  filled,  and  put  on  top  20  grm.  of  borax,  and 
a  covering  of  common  salt.  The  fusion  is  made  slowly,  to  prevent  the 
assay  from  running  over,  and  is  kept  at  a  strong  heat  for  an  hour.     The 
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button  should  be  malleable,  and  the  slag  should  give  no  odor  of  sul 
phuretted  hydrogen  when  treated  with  sulphuric  acid.  It  is  cupelled  &i 
directed,  p.  530  (if  too  large  it  is  first  scorified),  and  the  gold  and  silver 
parted  as  directed  p.  532.] 

16.  Assay  of  Zikc  Orbs. 

§228. 

MetJiod  of  ScHAFFNER,*  modified  by  0.  KuNZ£L,f  as  employed  in  th4 
J^elgian  zinc-works  /  described  by  C.  Groll.J 

a.  Solution  of  the  ore  and  preparcUion  of  the  ammoniacal  solution. 

Powder  and  dry  the  ore. 

Take  0*5  grm/in  the  case  of  rich  ores,  1  grm.  in  the  case  of  poor  ores, 
transfer  to  a  small  flask,  dissolve  in  hydrochloiic  acid  with  addition  of 
some  nitric  acid  by  the  aid  of  heat,  expel  the  excess  of  acid  by  evapora- 
tion, add  some  water,  and  then  excess  of  ammonia.  Filter  into  a 
beaker,  and  wash  the  residue  with  lukewarm  water  and  ammonia,  till 
sulphide  of  ammonium  ceases  to  produce  a  white  turbidity  in  the  wash- 
ings. The  oxide  of  zinc  remaining  in  the  hydrated  sesquioxide  of  iron 
is  disregarded.  Its  quantity,  according  to  Groll,  does  not  exceed 
0'3 — 0*5  per  cent.  Tliis  statement  probably  has  reference  only  to  ores 
containing  relatively  little  iron ;  where  much  iron  is  present  the  quan- 
tity of  zinc  left  behind  in  the  precipitate  may  be  not  inconsiderable. 
The  error  thus  arising  may  be  greatly  diminished  by  dissolving  the 
slightly  washed  iron  precipitate  in  hydrochloric  acid  and  adding  excess 
of  ammonia.  But  the  surer  mode  of  proceeding  is  to  add  to  the  origi- 
nal solution — after  evaporating  off  the  greater  part  of  the  free  acid  as 
above,  and  allowing  to  cool — dilute  carbonate^of  soda  nearly  to  neutral- 
ization, then  to  precipitate  the  sesquioxide  of  iron,  after  p.  202,  d,  with 
acetate  of  soda,  boiling,  to  filter,  and  wash.  The  washings,  after  being 
concentrated  by  evaporation,  are  added  to  the  filti*ate  and  the  whole 
is  then  mixed  with  ammonia,  till  the  first-formed  precipitate  is  redis- 
solved. 

If  the  ore  contains  manganese — ^provided  approximate  results  will 
suffice — digest  the  solution  of  the  ore  in  acids,  after  the  addition  of  ex- 
cess of  ammonia  and  water,  at  a  gentle  heat  for  a  long  time,  and  then 
filter  off,  with  the  iron  precipitate,  the  hydrated  protosesquioxide  of 
manganese  which  has  sepai*ated  from  the  actiqu  of  the  air.  The  safer 
course — though  undoubtedly  less  simple — is,  after  separating  the  iron 
with  acetate  of  soda,  to  precipitate  the  manganese  by  passing  chlorine, 
as  directed  p.  357,  69,  or  by  adding  bromine  and  heating. 

If  lead  is  present,  it  is  separated  by  evaporating  the  aqua  regia  solu- 
tion with  sulphuric  acid,  taking  up  the  residue  with  water  and  fiiltering; 
then  proceed  as  directed. 

b,  J^reparation  and  standardizing  of  the  sulphide  of  sodiuin  solu^ 
tion. 

The  solution  of  sulphide  of  sodium  is  prepared  either  by  dissolving 
crystallized  sulphide  of  sodium  in  water  (about  100  grm.  to  1000 — 1200 

•  Joum.  1  prakt.  Chem.  73,  410.  t  IWd.  88,  486u 

t  ZeitBchrift  f.  anal  Ohem.  1,  21. 
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watei-),  or  by  supersaturating  a  solution  of  soda,  free  from  carbonic 
acid,  with  sulphuretted  hydrogen,  and  subsequently  heating  the  solution 
in  a  Hasfc  to  expel  the  excess  of  sulphiuretted  hydrogen.  Whichever 
way  it  is  prepared,  the  solution  is  afterwards  diluted,  so  that  1  c.  c.  may 
precipitate  about  O'Ol  grm.  zinc.  Prepare  a  solution  of  zinc,  by  dis- 
solving 10  grm.  chemically  pure  zinc  in  hydrochloric  acid,  or  44*122 
grm.  dry  crystallized  sulphate  of  zinc  in  water,  or  68' 133  grm.  dry  crys- 
tallized sulphate  of  potash  and  zinc  in  water,  and  making  the  solution 
in  either  case  up  to  1  litre  with  water. 

Each  c.  c.  of  this  solution  corresponds  to  O'Ol  grm.  zinc.  Now  mea- 
sure off  30 — 50  c.  c.  of  this  zinc  solution  into  a  beaker,  add  ammonia 
till  the  precipitate  is  redissolved,  and  then  400 — 500  c.  c.  distilled  water. 
Bun  in  sulphide  of  sodium  as  long  as  a  distinct  precipitate  continues  to 
be  formed,  then  stir  briskly,  remove  a  drop  of  the  fluid  on  the  end  of  a 
rod  to  a  porcelain  plate,  spread  it  out  so  that  it  may  cover  a  somewhat 
large  surface,  and  place  in  the  middle  a  drop  of  pure  dilute  solution  of 
chloride  of  nickel.  If  the  edge  of  the  drop  of  nickel  solution  remains 
blue  or  green,  proceed  with  the  addition  of  sulphide  of  sodium,  testing 
from  time  to  time,  till  at  last  a  blackish  gmy  coloration  appears  sur- 
rounding the  nickel  solution.  The  reaction  is  now  completed,  the  whole 
of  the  zinc  is  precipitated,  and  a  slight  excess  of  sulphide  of  sodium  has 
been  added.  The  precise  depth  of  color  of  the  nickel  must  be  observed 
and  remembered,  as  it  will  have  to  serve  as  the  stopping  signal  in  future 
experiments.  To  make  sure  that  the  zinc  is  really  quite  precipitated, 
you  may  add  a  few  tenths  of  a  c.  c.  more  of  the  reagent,  and  test  again, 
of  course  the  color  of  the  nickel-drop  must  be  darker.  Note  the  num- 
ber of  c.  c.  used,  and  repeat  the  experiment,  running  in  at  once  the 
necessary  quantity  of  the  reagent,  less  1  c.  c,  and  then  adding  0*2  c.  c. 
at  a  time,  till  the  end-reaction  is  reached.  The  last  experiment  is  con- 
sidered the  more  correct  one.  The  sulphide  of  sodium  solution  must  be 
restandardized  before  each  new  series  of  analyses. 

c.  Deierminatian  of  t?te  zinc  in  the  solution  of  tlie  ore. 

Proceed  in  the  same  way  with  the  ammoniacal  solution  prepared  in  a 
as  with  the  known  zinc  solution  in  h.  Here  also  repeat  the  experiment, 
the  second  time  running  in  at  once  the  required  number  of  c.  c,  less  1, 
of  sulphide  of  sodium,  and  then  adding  0*2  c.  c.  at  a  time,  till  the  end- 
reaction  makes  its  appearance.  The  second  result  is  considered  the  true 
one.  There  are  three  different  ways  in  which  this  repetition  of  the  ex- 
periment may  be  made.  You  may  either  weigh  out  at  the  first  two  por- 
tions of  the  zinc  ore,  or  you  may  weigh  out  double  the  quantity  required 
for  one  experiment,  make  the  ammoniacal  solution  up  to  1  litre  and  em- 
ploy ^  litre  for  each  experiment,  or  lastly,  having  reached  the  end-reac- 
tion in  the  first  experiment,  you  may  add  1  c.  c.  of  the  known  zinc  solu- 
tion, which  will  destroy  the  excess  of  sulphide  of  sodium,  and  then  run 
in  sulphide  of  sodium  in  portions  of  0'2  c.  c,  till  the  end-reaction  is 
again  attained.  Of  course,  in  this  last  process  to  obtain  the  second  re- 
sult, you  deduct  from  the  whole  quantity  of  sulphide  of  sodium  used  the 
amount  of  the  same,  corresponding  to  1  c.  c.  of  the  zinc  solution. 

If  the  ore  contains  copper,  remove  it  from  the  acid  solution  by  sul- 
phuretted hydrogen,  evaporate  the  filtrate  with  nitric  acid,  dilute,  treat 
-with  ammonia,  and  determine  the  zinc  as  above. 
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17.  ANALYSIS  OP  Cast  Iron,  Steel,  and  Wrought  Irtik. 

§  229. 

Cast  iron,  one  of  the  most  important  products  of  metallurgic  indus- 
try, contains  a  whole  series  of  elements,  mixed  in  greater  or  lesa 
proportion  with  the  iron,  or  combined  with  it.  Although  the  influence 
which  the  various  foi-eign  substances  mixed  with  the  iix>n  exercise  on 
the  quality  of  cast  iron  is  not  yet  accurately  known,  still  the  fact  that 
they  do  exercise  considerable  influence  on  the  quality  of  the  article  is 
beyond  doubt.  The  analysis  of  cast  iron  is  one  of  the  more  difficult 
problems  of  analytical  chemistry.  The  following  bodies  must  be  had 
regard  to  in  the  analysis : — 

JroUy  carbon  combined  with  the  iron,  carbon  in  form  of  graphiUiy  ni- 
trogen, silicon^  pitosphorua,  sulphur ^  potassium,  sodium,  lithium,  calci- 
uni,  magnesium,  aluminium,  chromium,  titanium,  zinc,  manganesSj 
cobalt,  nickel,  copper ,  tin,  arsenic,  antimony,  vanadium.  As  a  general 
rule,  the  elements  in  italics  alone  are  quantitatively  determined. 

Steel  and  wrought  ii'on  are  analyzed  in  the  same  manner  as  cast  iron. 


1.   Determination  of  the  Carbon, 

a.  Determination  of  the  total  amount  of  Carbon, 

Method  of  Berzelius  (somewhat  modified.) 

Treat  about  3  grm.  of  the  cast  iron,  or  5 — 10  grm.  of  steel,  mode- 
i-ately  comminuted,*  with  a  neutral  concentrated  solution  of  chloride  of 
copper,  (made  by  mixing  hot  solutions  of  chloride  of  sodium  and  sul|ihate 
of  copper,  and  allowing  sulphate  of  soda  to  crystallize  out),  and  let  the 
mixture  stand  at  the  common  temperature  f  with  occasional  stirring. 
In  5  or  6  hours,  or  as  soon  as  the  part  remaining  undissolved  presents  a 
mixed  mass  of  copper  and  separated  carbon,  drc,  crumbling  under  pres- 
sure, add  hydrochloric  acid,  and,  if  necessary,  some  more  chloride  of 
copper,  and  digest  until  the  whole  of  the  copper  is  dissolved  to  subchlo- 
ride.  At  this  stage  of  the  process  a  gentle  heat  may  be  applied.  Filter 
through  a  tube  of  the  form  shown  in  fig.  100,  the  narrow  part  of 
which  is  loosely  stopped  with  spongy  platinum  or  asbestos,  ignited  in  a 
current  of  moist  air.  Wash  well,  dry  thoroughly,  and  treat  the  entire 
contents  of  the  tube  either  as  directed  §  176  or  §  178.     After  emptying 


X*  Best  hy  drilling,  in  case  of  graj  pig  or  soft  steeL     White  pig  is  reduced  to 
powder  by  aid  of  the  steel  mortar.  ] 

f  On  warming,  a  small  quantity  of  gas  is  evolved,  which  contains  a  trifling 
admixture  of  carbonetted  hydrogen.  [Sometimes  gas  escapes  at  ordinaiy  tern- 
perataree.  In  that  case  a  lump  of  ice  should  be  placed  in  Uie  vessel  at  first 
After  an  hour  or  so  cooling  is  unnecessaiy.] 
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the  tube,  rinse  with  a  little  chromate  of  lead  or  oxide  of  copper ;  if  the 
combustion  is  to  be  effected  in  a  boat,  in  a  current  of  oxygen  gas,  in 
order  that  the  incombustible  residue  may  be  examined,  rinse  with 
oxide  of  mercury. 

6.  J)eterminati(m  of  the   Graphite, 

Treat  another  portion  of  the  cast  iron  with  moderately  con- 
centrated hydrochloric  acid,  at  a  gentle  heat,  until  no  more 
gas  is  evolved;  filter  the  solution  through  asbestos  that  has 
been  ignited  in  a  stream  of  moist  air  or  through  spongy  plar 
tinum  (comp.  a,),  wash  the  undissolved  residue,  fii*8t  with 
boiling  water,  then  with  solution  of  potassa,  after  this  with 
alcohol,  and  lastly  with  ether  (Max  Buchner)  ;  *  then  dry, 
and  bum  after  §  176  or  §  178.  Direct  weighing  is  not  advi- 
sable, as  the  graphite  generally  contains  silicon.  Deduct  the 
graphite  obtained  here  from  the  total  amount  of  carbon  found 
in  a  \  the  difference  gives  the  combined  carbon. 

2.  Determination  of  the  Sulphur. 

The  safest  way  of  estimating  sulphur  in  cast  iron  is  tho  following : — 
Put  about  10  grm.  of  the  substance,  in  the  finest  possible  state  of  divi- 
sion, into  the  flask  a  (fig.  101),  insert  the  cork,t 
containing  the  funnel-tub^  d  c,  and  the  evolution 
tubey^;  the  funnel-tube  is  provided  with  a  little 
mercury  at  i,  arid  the  evolution  tube  is  connected 
with'  two  XJ-tubes,  which  contain  a  strongly  alka- 
line solution  of  lead.  Fill  the  funnel  d  with  hy- 
drochloric acid,  and  suck  by  means  of  an  India- 
rubber  tube  at  the  exit  of  the  second  U-tube,  in 
which  a  small  glass  tube  is  inserted ;  the  acid 
will  thus  pass  into  the  flask.  Heat  the  flask, 
Bucking  in  more  acid  from  time  to  time  as  just 
described,  till  complete  solution  of  the  iron  is 
effected;  then  connect  the  exit  of  the  second 
IJ-tube  with  an  aspirator,  and  draw  air  through 
the  apparatus  for  a  long  time.  CoUect  the  sul- 
phide of  lead  on  a  small  filter,  fuse  it  cautiously 
with  a  little  nitre  and  carbonate  of  soda,  soak  in 
water,  pass  carbonic  acid,  to  precipitate  ti*aces  of 
♦  dissolved  lea^i,  filter,  acidify  the  filtrate  with  hy- 
drochloric acid  and  precipitate  the  sulphuric  acid  with  chloride  of 
barium. 

To  make  quite  sure  that  you  have  left  no  sulphur  behind,  before 
throwing  away  the  contents  of  the  flask,  evaporate  the  solution  of  pro- 
tochloride  of  iron,  to  drive  off  excess  of  hydrochloric  acid,  and  test  it 
with  chloride  of  barium ;  also  fuse  the  undissolved  residue  with  nitre 


Fig.  101. 


•  Joiu-n.  f.  prakt.  Chem.  73,  364. 

t  If  a  caoutchouc  stopper  were  used,  a  little  sulphur  would  not  be  unlikely 
to  get  into  the  residue :  the  caoutchouc  connectionfl  must  be  desulphurized. 
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and  carbonate  of  soda,  and  test  the  aqueous  extract  of  the  fused  mass  foi 
sulphuric  acid.  As  a  rule  the  residue  will  be  found  free  from  sulphur. 
But  if  any  sulphate  of  baryta  is  obtained  again  here,  it  may  be  collected 
on  the  same  filter  which  has  received  that  produced  from  the  sulphide 
of  lead. 

[3.  JBsHmatvim  of  jPIto^Itorue* 

In  c€Me  of  cast  iron,  when  the  amount  of  phosphorus  present  exceeds 

1  per  cent.,  2  grm.  suffice  for  a  determination  ;  when  less  is  present  it  ia 
best  to  take  at  least  3  grm.  Treat  with  aqua  regia  in  a  tall  beaker 
covered  with  a  watch-glass.  Digest  at  a  modei^te  tempeiutiu'e  2  or  3 
hours,  or  till  etFervescence  ceases,  tlien  remove  the  cover  and  evaporate 
to  dryness,  as  in  the  ordinary  way  of  separating  silica,  with  addition  of 
nitric  acid,  if  need  be,  to  remove  chlorine.  A  temperature  a  few  de- 
gi*ees  above  that  attainable  with  the  water-bath  may  be  used  to  hasten 
this  operation.  But  if  too  high  heat  is  used,  oxide  of  iron  will  remain 
undissolved  on  subsequent  treatment  with  nitric  acid ;  moreover,  pyro- 
phosphate may  be  formed  at  a  temperature  below  160®  C.  After  the  re- 
sidue has  been  dried  sufficiently  to  make  the  silica  iusolubfe,  digest  with 
nitric  acid  till  the  iron  is  dissolved.  Separate  the  residue  by  filtering, 
and  reserve  it  for  determination  of  silicon.  To  the  filtrate  add  100 
c.  c.  of  molybdic  acid  solution.  If  after  the  addition  of  this  reagent  the 
solution  amounts  to  less  than  350  to  400  c.  c,  dilute  to  that  volume. 

Place  for  24  hours  in  a  warm  situation  where  the  temperatui-e  does 
not  rise  above  40®  0.  Wash  the  precipitate  with  the  molybdic  solution, 
diluted  with  an  equal  volume  of  water,  letting  the  washings  run  into  the 
filti-ate.  Then  allow  the  filtrate  to  stand  24  hours  or  more  in  a  warm 
place,  and  collect  any  appreciable  amount  of  phospho-molybdate  that 
may  separate.     Dissolve  and  reprecipitate  according  to  p.  271. 

Steel  (3 — 10)  grm.  may  be  dissolved  in  nitric  acid  of  1*20  sp.  gr., 
and  evaporation  to  dryness  may  be  omitted  when  silicon  is  not  to  he 
estimated.] 

[4.  JB^stimation  of  Silicon. 

The  residue  from  the  solution  used  for  determining  phosphorus  may 
be  used  for  determining  silicon.  Ignite  it  without  sepai-ation  from  the 
filter  until  the  graphite  is  partially  burned  away.  Fuse  with  car* 
bonate  of  soda  mixed  with  a  little  nitrate  of  potash,  sufficient  to  effect 
complete  combustion  of  the  carbon  still  j)resent.  Treat  the  fused  mass 
first  with  boiling  water,  in  which  it  readily  dissolves,  except  some  silica 
in  light  flocculent  form,  and  traces  of  metallic  oxides.  Acidify  with 
hydrochloric  acid,  or  nitric  acid,  in  case  the  solution  is  to  be  in  contact 
with  platinum,  and  separate  silica  as  usual.  When  the  quantity  of  silica 
is  not  over  1  per  cent.,  these  operations  may  be  most  conveniently  per- 
formed in  a  large  platinum  crucible  without  transferring  the  substance 
to  any  other  vessel.] 

[5.  Estimation  of  Manganese  and  Cobalts 

2  grm.  is  as  large  a  quantity  as  can  conveniently  be  treated  by  the 
method  here  proposed,  and  will  in  most  cases  suffice.     Where  less  than 

2  per  cent,  is  present,  and  great  accui'acy  is  required,  it  is  necessary 
perhaps  to  take  more.     Of  spiegeleisen  1  to  ^  grm.  suffices.     Pi^epare  a 
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Bolntion  of  the  iron  in  the  same  manner  as  for  phosphorus  (3).  A  highei 
temperature  may,  however,  be  used  to  make  silica  insoluble,  and  hydro- 
chloric acid  may  be  used  for  redissolving,  Filter  from  the  residue  of 
carbon  and  silica  into  a  large  fiask.  When  the  solution  is  cold,  add  oar* 
bonate  of  soda  as  long  as  the  precipitate  formed  by  it  can  be  redissolv* 
ed  by  shaking  and  letting  stand  a  few  minutes.  Next  add  12  to  15  c.  c. 
strong  acetic  acid,  and  the  same  volume  of  a  saturated  solution  of  ace- 
tate of  soda.  Dilute,  now,  the  solution  to  about  1  litre,  and  precipi- 
tate iron  by  boiling.  Filter  and  wash  without  decantation,  as  long  as 
the  water  passes  freely  through  the  mass  upon  the  filter.  When  the 
washing  becomes  tedious,  on  account  of  slow  passage  of  water  through 
the  filter,  rinse  the  precipitate  from  the  filter  into  a  dish  with  a  jet  of 
water,  and  boil  with  a  moderate  amount  of  water  with  addition  of  a 
little  acetate  of  soda,  stii-ring  with  a  gleiss  rod  as  long  as  any  coherent 
lumps  of  precipitate  remain.  Bring  the  precipitate  back  again  u))on 
the  filter  and  complete  the  washing.  Concentrate  the  filtrate  and  washings 
to  about  300  c.  c.  (or  less  if  too  much  saline  matter  is  not  present).  A 
little  iron  is  jiisually  present  in  this  filtrate  ;  sometimes  it  is  partially 
deposited  during  the  evaporation.  In  order  to  separate  the  manganese 
from  this,  and  from  the  large  quantity  of  saline  matter  in  the  liquid, 
precipitate  next  all  the  metallic  oxides  present  by  gradually  adding  car- 
bonate of  soda  to  the  boiling  solution  as  long  as  a  precipitate  is  formed, 
and  adding  at  the  close  a  few  drops  of  caustic  soda.  Filter,  wash 
the  precipitate  slightly,  dissolve  it  on  the  filter  with  hydrochloiic  acid, 
and  separate  the  small  quantity  of  iron  in  the  new  solution  with  ace- 
tate of  soda.  For  this  purpose,  when,  as  usually  is  the  case,  but  little 
iron  is  present,  the  solution  need  occupy  but  a  small  volume  (100  c.  c). 
Add  carbonate  of  soda  as  long  as  no  permanent  precipitate  is  formed, 
then  2  or  3  c.  c.  of  the  acetate  of  soda  solution,  and  heat  gradually  to 
boiling.  Sometimes  when  this  solution  is  moderately  warmed,  and  car- 
bonic acid  has  mostly  escaped,  but  before  the  temperature  is  high  enough 
to  precipitate  the  iron,  the  solution  will  become  turbid  with  a  finely 
divided  white  precipitate.  If  this  happens,  add  acetic  acid  till  it  dis- 
solves, and  then  raise  the  heat  to  boiling.  FUter  from  the  precipitated 
iron,  and  precipitate  laanganese  in  the  filtrate  with  bromine  (see  § 
223,2).  When  no  great  accuracy  is  required,  this  precipitate  may  be 
washed,  ignited,  and  weighed  as  protosesquioxide  of  manganese,  and 
metallic  manganese  calculated  from  it.  It  may,  however,  contain  cobalt, 
which  is  often  present  in  pig  iron,  and  possibly  traces  of  copper. 

To  detect  the  presence  of  cobalt^  dissolve  the  weighed  oxide  of  man- 
ganese in  a  few  drops  of  HCl,  heat  till  the  brown  color  imparted  by 
the  manganese  disappears.  A  comparatively  small  amount  of  cobalt 
will  now  give  the  solution,  while  hot  and  concenti*ated,  a  bright  green 
color  that  disappears  on  diluting  with  cold  water.  Evaporate  the  solu- 
tion till  free  acid  is  expelled,  dissolve  in  a  small  quantity  of  water, 
add  acetate  of  soda  and  a  drop  of  acetic  acid,  heat  to  boiling  and 
transmit  HS,  which  will  precipitate  the  cobalt.  Collect  the  precipitate 
on  a  filter,  wash  rapidly  with  water  containing  HS.  Testing  this  pre- 
cipitate with  a  blowpipe  will  further  confirm  its  nature.  If  it  be 
judged  from  this  examination  that  cobalt  is  present  in  any  sensible 
quantity,  evaporate  the  filtrate  last  obtained  till  HS  is  expelled,  and 
precipitate  manganese  again  with  carbonate  of  soda,  and  weigh  it  w. 
protosesquioxide. 
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For  moat  practical  purposes  sufficiently  good  results  may  be  usually 
obtained  in  the  analysis  of  spiegeleisen^  e.  g.,  by  separating  iron  from  a 
solution  of  0*5 — 0*7  gi'm.  as  above  desciibed,  precipitating  the  con- 
centrated filtrate  directly  by  means  of  phosphate  of  soda  and  weighing 
the  manganese  as  pyrophosphate.     See  p.  185.] 

5.  Determination  in  one  portion  of  the  total  amounts  of  silicon^ 
iron,  manganese,  zinc,  cobalt,  nickel,  alu7nina,  titanic  acidy 
alkaline  earths  and  alkalies. 

Dissolve  about  10  grm.  of  the  cast  iron  in  a  capacious  platinum  dish,* 
in  moderately  dilute  hydrochloric  acid,  evaporate  with  a  few  drops  of 
dilute  sulphuric  acid  on  the  water-bath  to  dryness,  till  the  mass  ceases 
to  smell  of  hydrochloric  acid,  moisten  with  hydrochloric  acid,  heat,  add 
water,  filter,  wash  and  dry  the  precipitate.  Let  us  call  it  a.  Heat  the 
solution  in  a  porcelain  dish  with  nitric  acid,  dilute  copiously  and  precipi- 
tatje  the  sesquioxide  of  iron,  &c.,  by  nearly  saturating  with  carbonate  of 
ammonia  and  boiling,  after  p.  362,  69,  Wash  and  dry  the  precipitate; 
call  it  6. 

Mix  the  filtrate  from  b  with  anmionia  in  slight  excess,  heat  till  the 
excess  of  ammonia  is  almost  expelled,  filter,  dissolve  in  hydrochloric  add 
and  reprecipitate  in  the  same  manner.  Filter,  wash  and  dry  the  pre- 
cipitate ;  call  it  c. 

Acidify  the  filtrate  from  c  with  hydrochloric  acid,  concentrate  in  a 
porcelain  di.sh,  transfer  to  a  flask,  add  ammonia  and  sulphide  of  ammo- 
nium and  proceed  generally  as  directed  p.  184,  c.  After  24  hours,  filter 
the  precipitate  (d)  off,  wash  it  with  water  containing  sulphide  of  ammo- 
nium, spread  the  filter  on  a  glass  plate,  rinse  the  precipitate  into  a  flask, 
treat  it  with  acetic  acid,  cork  and  set  aside. 

Evaporate  the  filtrate  from  <^  in  a  platinum  dish  to  dryness,  expel  the 
ammonia  salts  at  the  lowest  temperature  possible,  and  in  the  residue 
determine  the  alkaline  earths  and  alkalies.  For  this  puipose  precipitate 
the  lime  by  pure  oxalate  of  ammonia  repeating  the  pi^ecipitation  accord- 
^S  ^^  29,  and  from  the  filtrate  separate  magnesia  according  to  16,  ^  The 
alkalies  are  weighed  as  chlorides  and  potassa  is  finally  estimated  by  1, 

Tlie  residue  a  contains  the  whole  of  the  bodies  insoluble  or  difficultly 
soluble  in  hydrochloric  acid.  The  following  substances  may  be  present 
besides  carbon  and  silica,  viz.,  phosphide  of  iron,  chromium-iron,  vansr 
dium-ii'on,  arsenide  of  iron,  carbide  of  iron,  silicon,  molybdenum,  &c., 
and  also  slag  in  a  more  or  less  altered  condition.  Titanic  acid  and  sul- 
phate of  baryta  may  also  be  here  present.  Fuse  with  carbonate  of  soda 
and  potash,  and  a  little  nitre,  separate  the  silica  as  usual,  by  evaporating 
with  hydrochloric  acid  and  two  drops. of  dilute  sulphuric  acid,  weigh  it 
and  see  whether  it  is  pure  (comp.  p.  300)  ;  the  impurities  most  likely  to 
be  present  are  sulphate  of  baryta  and  titanic  acid.  The  silicic  acid  may 
.  have  been  partially  formed  from  silicon,  and  partially  present  as  such  in 
the  slag.  In  the  filtrate  from  the  silicic  acid  separate  what  is  separable 
by  ammonia  by  double  precipitation,  filter  off  tie  precipitate  (c),  then 
precipitate  with  sulphide  of  ammonium,  filter  off  the  precipitate  {d\  to 
be  treated  as  d)  and  finally  test  the  filtrate  for  alkaline  earths,  any  small 
quantities  of  which  found  can  then  be  weighed  with  the  somewhat  lai*ger 
amount  obtained  above. 

*  If  glass  or  porcelain  be  used,  the  estimations  of  the  silicon  and  alaminiam 
cannot  be  couBldered  as  abeolutely  exact. 
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The  precipitates  6,  c  and  c'  contain  the  whole  of  the  sesquioxide  of 
iron  and  alnmiua,  also  that  part  of  the  titanic  acid  which  has  passed 
into  solution.  Transfer  the  mixed  ignited  precipitates  to  several  plati« 
num  or  porcelain  boats,  put  these  in  a  glass  tube  and  ignite  in  piii*e  hy- 
drogen, till  no  more  steam  issues.  Treat  the  boats  and  theii'  contents 
with  very  dilute  nitric  acid  (1  of  acid  to  30 — 40  of  water)  to  dissolve 
the  iron,  make  the  solution  up  to  1000  c.  c.  and  determine  the  iron  in  an 
aliquot  part  by  oxidation  and  precipitation  with  ammonia.*  Fuse  the 
residue,  which  was  insoluble  in  the  very  diluto  nitric  acid,  with  bisul- 
phate  of  potash,  take  up  with  cold  water,  filter  off  any  residual  silica, 
collect  and  weigh  it  and  add  the  weight  to  that  found  above ;  pass  sul- 
phuretted hydrogen,  endeavor  to  precipitate  any  titanic  acid  that  may 
be  present  by  boiling  and  passing  a  stream  of  carbonic  acid,  boil  the  fil- 
trate or  the  clear  solution  with  nitric  acid,  preci})itate  the  aiumina  w^ith 
ammonia,  and  separate  it  from  the  small  quantity  of  sesquioxide  of  iron 
that  may  possibly  be  present  by  the  method  given  p.  521  (precipitate.  II). 
In  this,  as  in  that  case,  regard  must  be  paid  to  phosphoric  acid,  as  its 
presence  would  give  fictitious  weight  to  the  alumina.  If  chromium  were 
present,  its  oxide  would  likewise  have  to  be  separated  and  determined  in 
this  precipitate. 

The  precipitates  d  and  d'  have  given  up  to  the  acetic  acid  almost  the 
whole  of  their  sulphide  of  manganese.  Filter  off  the  solution,  suspend 
the  residue  in  sulphuretted  hydrogen  water,  and  add  some  hydrochloric 
acid.  Under  these  circumstances,  the  sulphide  of  zinc  and  any  residual 
sulphide  of  manganese  are  dissolved,  while  the  sulphide  of  copper  (which 
is  not  here  estimated),  sulphide  of  nickel,  and  sulphide  of  cobalt  are  left 
behind.  Evaporate  the  hydrochloric  acid  solution  to  a  small  bulk,  boil 
with  excess  of  solution  of  soda,  precipitate  any  zinc  from  the  solution 
by  sulphuretted  hydrogen,  dissolve  any  se))arated  hydi-ate  of  protoses- 
quioxide  of  manganese  in  hydrochloric  acid,  add  the  solution  to  the 
acetic  acid  solution,  and  determine  the  manganese  in  the  mixture. 
Incinerate  the  filter,  containing  the  sulphides  of  copper,  nickel  and 
cobalt,  dissolve  in  hydrochlonc  acid,  pi*ecipitate  with  sulphuretted  hy- 
drogen, and  in  the  filtrate  thus  freed  from  copper  estimate  the  nickel 
and  cobalt. 

6.  Determinatwn  in  one  pm'tion  of  tfie  metals  of  Groups  V.  and 
VI.  and  of  tJte  j^hosphonLs. 

Treat  10  grm.  of  the  cast  iron  in  the  finest  possible  state  of  division 
"with  a  previously  heated  mixture  of  1  volume  of  nitric  acid  and  3  vol- 
umes of  hydrochloric  acid  (both  acids  must  be  pure  and  strong)  in  a 
very  capacious,  long-necked,  obliquely  placed  flask  at  a  gentle  heat. 
When  all  visible  action  has  ceased,  decant  the  solution  and  treat  the 
residue  with  a  fresh  portion  of  aqua  regia.t  Mix  the  solutions,  dilute 
copiously  and  treat  in  a  large  flask  with  sulphuretted  hydrogen,  at  first 
in  the  cold,  then  at  70°.     I  may  here  obsei've  that  the  solution  usually 

*  It  is  not  advisable  to  determine  the  iron  in  a  separately  weighed  smallez 
quantity,  unless  the  sample  to  be  examined  is  perfectly  homogeneous. 

f  Instead  of  aqua  regia,  bromine  and  water  may  be  used.  The  solution  goes 
on  rapidly,  at  first  almost  violently,  if  the  bromine  is  in  excess  and  the  mixture 
«  digested  at  20^— 30^  Toward  the  end  assist  the  action  by  the  heat  of  a  water- 
bath  (J.  Nickles).  If  this  method  is  employed,  I  should  still  recommend  that  the 
residue  be  treated  with  aqua  regia. 
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retains  a  brownish  tint  from  dissolved  organic  substances,  even  after  the 
sesquichloride  of  iron  is  reduced.  Allow  the  fluid  (saturated  with  siil* 
phuretted  hydrogen)  to  settle  for  24  hours,  filter,  dry  the  precipitate, 
which  consists  principally  of  sulphur,  and  extract  it  with  warm  bisul- 
phide of  carbon.  There  usually  remains  a  small  black  residue,  which 
often  contains,  besides  sulphide  of  copper,  a  little  sulphide  of  arsenic 
and  sulphide  of  antimony.  Separate  these,  or  generally  the  metals 
present  of  the  fifth  and  sixth  groups,  according  to  the  methods  given  in 
Section  V. 

Free  the  filtrate  from  the  sulphuretted  hydrogen  precipitate  from  the 
excess  of  the  gas  by  transmission  of  carbonic  acid^  add  a  little  pui-e 
sesqitichloride  of  iron,  nearly  neutralize  the  solution  with  pure  carbon- 
ate of  soda  and  precipitate  with  carbonate  of  baryta  in  a  closed  flask. 
Treat  the  precipitate,  which  contains  the  whole  of  the  phosphoric  acid 
(produced  by  the  oxidation  of  the  phosphorus  compounds),  with  hydro- 
chloric acid,  precipitate  the  baryta  with  sulphuric  acid,  filter,  evaporate 
to  small  bulk,  precipitate  the  phosphoric  acid  with  solution  of  molybde- 
num and  determine  it  after  p.  271,  3. 

As  a  portion  of  the  phosphide  of  iron  may  have  escaped  oxidation  by 
the  aqua  regia,  fuse  the  residue  insoluble  therein  with  carbonate  of  soda 
and  nitre,  and  test  the  aqueous  solution  of  the  fused  mass  likewise  for 
phosphoric  acid« 
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§231. 

I  SP1EAK  here  simply  of  tlie  manures  which  owe  th^iir  origin  to  the 
urine,  exci-ements,  blood,  bones,  *fec.,  of  animals,  or  are  prepared  by  the 
decomposition  of  apatite,  &c.,  by  acids.  The  examination  of  manures 
has  chiefly  a  practical  object,  and  demands  accordingly  simple  methods. 
The  value  of  a  manure  depends  upon  the  nature  and  condition  of  its 
constituents.  The  following  constituents  are  the  most  important : — or- 
ganic matters  (characterized  by  theii*  carbon  and  nitrogen),  ammonia 
salts,  nitrates,  phosphates,  sulphates,  and  chlorides  with  alkaline  and 
alkaline  earthy  bases  (potassa,  soda,  lime,  magnesia).  To  these  sub- 
stances we  know  the  efficacy  of  a  manure  is  owing,  but  as  to  the  condi- 
tion in  which  they  exercise  the  most  favorable  action,  our  views  are 
much  less  clear ;  indeed,  it  is  obvious  that  a  universally  applicable  and 
valid  rule  cannot  well  be  laid  down  in  this  respect ;  since  the  agricul- 
turist sometimes  wishes  a  manure  containing  most  of  its  constituents  in 
a  state  of  solution,  which  will  accordingly  exercise  a  speedy  fertilizing 
action,  and  sometimes  one  which  will  only  gradually  supply  the  soil  with 
the  substances  required  by  the  plants.  As  regards  the  insoluble  mate- 
rials of  manures,  it  may  be  safely  assei-ted  that  their  value  advances  in 
proportion  as  their  degree  of  division  and  solubility  increases. 

1  will  here  give,  1,  the  outlines  of  a  general  method  of  examination 
applicable  to  almost  all  kinds  of  manures ;  2,  methods  of  valuing  guano 
and  manures  prepared  from  bones,  apatite,  <&c. 

A.  General  Process. 
§232. 

Mix  the  manure  uniformly  by  chopping  and  grinding,  then  weigh  off 
snccessively  the  several  j>ortions  required  for  the  various  estimations. 

1.  Determination  of  the  Water, — Dry  10  grm.  at  125°,  and  deter- 
mine the  loss  of  weight  (§  2'j).  (It  is  rarely  necessary  to  make  a  cor- 
rection on  account  of  the  carbonate  of  ammonia  which  escapes  with  the 
water.*) 

2.  Toted  Amount  of  fixed  Constituents. — Incinerate,  at  a  gentle  heat, 
a  weighed  portion  of  the  residue  left  in  1,  in  a  thin  porcelain  dish ; 
moisten  the  ash  with  a  solution  of  carbonate  of  ammonia,  dry,  ignite 
gently,  and  weigh. 

*  To  do  80,  dry  the  manure  in  a  boat  inserted  in  a  tube  ;  the  tube  is  heated  to 
aOO"  in  the  water-  or  air-bath,  a  current  of  air  bein^  transmitted  through  it,  by 
means  of  an  aspirator :  the  air  enters  through  concentrated  sulphuric  acid,  and 
makes  its  exit  through  two  U-tubes  containing  standard  sulphuric  acid.  Afte^* 
drying,  the  quantity  of  ammonia  expelled,  which  has  combined  with  the  standard 
acid,  is  determined  (g  99,  8). 
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3.  Co7i8tituent8  soluble  in  Watet\  and  insoluble  in  Water, — Digest  10 
gnu.  of  the  fresh  manure  with  about  300  c.  c.  water,  collect  the  residue 
on  a  weighed  filter,  wash,  dry  at  125°,  and  weigh.  The  weight  found 
expresses  the  total  quantity  of  the  substances  insoluble  in  water,  and 
the  difference — after  deducting  the  water  found  in  1 — gives  the  amount 
of  the  soluble  constituents.  Incinerate  now  the  insoluble  residue,  treat 
with  carbonate  of  ammonia,  as  in  2,  and  weigh  ;  the  weight  expresses 
the  total  amount  of  the  fixed  constituents  contained  in  the  insoluble 
part,  and  the  difference  between  this  and  the  ash  in  2  gives  the  total 
amount  of  fixed  constituents  contained  in  the  soluble  part. 

4.  I^ixed  Constituents  singly. — [Obtain  3 — 5  gim.  of  ash  according  to  2. 
Treat  2  grm.  with  hot  dilute  hydrochloric  acid  until  only  insoluble  mat- 
ters (sand,  clay,  and  charcoal)  remain,  w^hich  filter  off,  wash,  ignite,  and 
weigh.  The  filtrate  and  washings  are  brought  to  the  bulk  of  200  c.  c, 
mixed,  and  divided  into  four  equal  parts. 

a.  To  50  c.  c.  atid  ammonia  until  a  slight  permanent  precipitate  is 
formed,  then  enough  hydrochloric  acid  to  dissolve  this  pi^ecipitate,  heat 
to  boiling,  and  add  acetate  of  soda  as  long  as  a  precipitate  form.^:,  wash, 
ignite,  and  weigh.     Two  cases  may  here  present  themselves. 

a.  If  the  precipitate  before  ignition  were  red  it  contains  all  the  iron, 
alumina,  and  phosphoric  acid.  In  this  case  dissolve  it  in  concentrated 
h3'drochloric  acid  with  cautious  addition  of  sulphuric  acid,  towards  the 
last,  finally  evapoi'ate  ofl'  the  hydrochloric  acid  (or  fuse  with  carbonate 
of  soda  and  dissolve  in  sulphuric  acid)  and  determine  the  sesquioxide  of 
iron  volumetrically  (p.  203).  Afterwaids  in  the  same  liquid  determine 
phosjjho^ric  acid  by  molybdic  solution  (p.  271).  Calculate  ahimina  by 
difference.  In  the  filtrate  from  the  acetate  of  soda  precipitate,  deter- 
mine lime  as  oxalate,  and  afterwards  magnesia  as  pyro])hosphate,  ac- 
cording to  29,  P'  349. 

/?.  If  the  precipitate  before  ignition  were  nearly  white,  it  contains  all 
the  iron  and  alumina  and  a  portion  of  the  phosphoric  acid.  It  may  be 
analyzed  as  just  described,  or,  if  very  small  in  quantity,  half  of  it  may 
be  reckoned  as  phosphoric  acid  (see  page  141).  From  the  filtrate  con- 
taining free  acetic  acid,  lime  is  precipitated  as  oxalate  (30,  P-  350),  the 
second  filtrate  is  then  neutralized  by  ammonia,  when  all  the  magntsia 
and  a  portion  of  phnsjyhoric  acid  go  down  as  ammonio-j)hosphate  of 
magnesia;  tlie  third  filtrate  is  treated  with  magnesia-mixture  to  heparute 
the  rest  of  the  phoaj^horic  acid, 

b.  To  another  5<  /  c.  c.  add  hot  concentrated  solution  of  caustic  barvta 
in  slight  excess,  boil,  and  filt(;r.  Tlie  filtrate  (and  washings)  containing 
only  alkali  chlorides  and  chlorides  of  barium  and  calcium,  is  treated  hot 
with  solution  of  carbonate  of  ammonia  and  some  caustic  ammonia,  fil- 
tered from  carbonates  of  baryta  and  lime,  the  liquid  evaporated  and 
ignited  to  expel  ammonia-salts,  and  this  process  repeated,  if  need  be, 
until  pure  alkali  chloiides  are  obtained  (see  p.  303,  last  pai^raph),  in 
which  the  potassa  and  soda  are  determined  according  to  1,  p.  339,  or  6, 
p.  342. 

c.  In  a  third  portion  of  50  c.  c,  estimate  sulphuric  acid  by  precipita- 
tion with  chloride  of  barium. 

The  fourth  50  c.  c.  is  reserved  for  use  in  case  of  accidents.] 

d.  Determine  the  carbonic  acid  in  another  portion  of  the  ash,  aa 
directed  p.  291,  cc,  or  p.  293,  c.  Filter  the  contents  of  the  fla.sk  (in 
which  the  solution  has  been  effected  with  the  aid  of  dilute  nitric  acid). 
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and  precipitate  the  cUorine  with  solution  of  nifci*ate  of  silver^  as  directed 
§  141,  L,  a. 

5.  Ihtal  amount  ofAnvmonia, — Treat  a  weighed  portion  of  the  Ma- 
nure by  Schlosing's  method  (p.  158,  5*). 

6.  Total  amount  of  Nitrogen. — Moisten  a  weighed  portion  of  the 
manure  with  a  dilute  solution  of  oxalic  acid  in  sufficient  quantity  to  im- 
part a  feebly  acid  reaction ;  dry,  and  determine  the  nitrogen,  in  the  en- 
tire mass  or  in  a  weighed  portion,  after  §  185.  If  you  deduct  from  the 
total  amount  of  nitrogen  so  found  the  quantity  corresponding  to  the 
ammonia  and  the  nitric  acid,  the  difference  shows  the  quantity  of  nitro- 
gen contained  in  the  organic  substances.  It  is  generally  sufficient,  how- 
ever, to  know  the  total  amount  of  the  nitrogen. 

7.  Total  amfumnt  of  Carbon, — Treat  a  portion  of  the  dried  residue  of 
1  by  the  process  of  organic  analysis  (§  189).  If  the  dried  manure  con- 
tains carbonates,  determine  the  carbonic  acid  in  a  separate  portion,  and 
deduct  the  result  from  the  total  amount  obtained  by  the  organic  analy- 
sis ;  the  difference  shows  the  quantity  of  carbonic  acid  formed  in  the 
latter  process  by  the  carbon  of  the  organic  substances. 

8.  jSrUric  Acid. — Treat  a  weighed  portion  of  the  manure  with  water, 
and  evaporate  the  solution,  with  addition  of  pure  carbonate  of  soda  to 
distinct  alkaline  reaction;  filter  after  some  time,  then  evapoi*ate  the  fil- 
trate to  a  small  bulk,  and  determine  in  fractional  parts  of  it  the  nitric 
acid.  As  the  solution  will  scarcely  ever  be  free  from  organic  matter, 
employ  Schlosing^s  method  (p.  331). 

B.  Analysis  op  Guano. 

§233. 

Guano  consists  of  the  excrements  of  sea-fowls,  more  or  less  altered. 
It  not  only  varies  very  considerably  in  quality  in  the  different  islands 
from  which  our  supplies  are  derived,  but  is  often  also  fraudulently  adul- 
terated with  earth,  brick-dust,  carbonate  of  lime,  and  other  matters. 

The  guano  is  mixed  as  uniformly  as  possible,  and  that  which  is  in- 
tended for  analysis  is  put  into  a  stoppered  bottle. 

1.  DeUrmination  of  the  JVater, — This  is  eftected  exactly  as  on  p.  543 
(1).  In  exact  analyses  the  carboiiate  of  ammonia  must  not  be  ovei*- 
looked — (see  note).     Genuine  guano  loses  from  7  to  18  per  cent. 

2.  Total  amount  of  faced  Constituents. — Incinerate  a  weighed  portion 
in  a  porcelain  or  platinum  crucible  placed  in  a  slanting  position,  and 
weigh  the  ash.  Good  guano  leaves  from  30  to  33  per  cent,  of  ash,  guano 
of  bad  quality  from  60  to  80  per  xent.,  and  a  wilfully  adulterated  arti- 
cle often  even  more.  The  ash  of  genuine  guano  is  white  or  gi'ay.  A 
yellow  or  reddis^  color  indicates  adulteration  with  loam,  sand,  or  earth. 
In  the  first  stage  of  the  decomposition  by  heat,  good  guano  emits  a 
strong  ammoniacal  odor  and  white  fumes. 

3.  Constituents  soluble  in  Water^  cmd  insoluble  in  Water. \ — Heat  10 

*  Small  quantities  of  ammonia  are  determined  with  decmormsA  sulphuric  acid. 

f  It  must  be  mentioned  that  the  quality  and  quantity  of  the  constituents  solu- 
ble in  water  are  by  no  means  constant  for  the  same  guano.  Liebig  (AnnaL  d. 
Chem.  u.  Pharm.,  119,  13)  has  shown  that  the  kind  of  salts  which  pa.(«into  solu- 
tion varies  according  to  whether  one  filters  the  solution  off  immediately  or  after 

35 
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grni.  guano  with  about  200  c.  c.  water,  collect  the  residue  on  a  weighed 
filter  without  delay,  and  wash  it  with  hot  water,  until  the  water  running 
off  looks  no  longer  yellowish  and  leaves  no  residue  when  evaporated 
upon  platinum  foil ;  dry  the  residue,  and  weigh.  Deduct  the  sum  of 
the  water  and  the  residue  from  the  weight  of  the  guano  ;  the  remaindei 
expresses  the  amount  of  the  soluble  constituents.  Incinerate  the  resi- 
due and  weigh  the  ash ;  the  difference  shows  the  amount  of  the  fixed 
soluble  salts.  With  very  superior  sorts  of  guano,  the  residue  insoluble 
in  water  amounts  to  from  50  to  55  per  cent.,  with  inferior  sorts,  to  from 
80  to  90  per  cent.  The  bi-own-colored  aqueous  solution  of  genuine 
guano  evolves  ammonia  upon  evaporation,  emits  a  urinous  smell,  and 
leaves  a  brown  saline  mass,  consisting  chiefly  of  sulphates  of  soda  aiid 
potassa,  chloride  of  ammonium,  oxalate  and  phosphate  of  ammonia. 

4.  Juxed  Constituents  shigly. — As  in  §  232. 

5.  Toted  amount  of  A  mm  onia.  " 

6.  Toted  amount  of  Nitrogen,  " 

7.  Total  amount  of  Carbon,  " 

8.  mtric  AcU.  '' 

9.  Carbonic  Acid, — Employ  one  of  the  methods  §  139,  IE.  Genuine 
guano  contains  only  a  small  proportion  of  carbonates.  If,  therefore,  a 
guano  effervesces  strongly  when  moistened  with  dilute  hydrochloric 
acid,  this  may  be  regarded  as  a  proof  of  adulteration  with  carbonate  of 
lime. 

10.  Uric  Acid. — If  it  is  wished  to  ascertain  the  quantity  of  uric  acid 
which  a  guano  contains,  treat  the  part  insoluble  in  water  with  a  weak 
solution  of  soda  at  a  gentle  heat,  filter,  and  acidify  the  filtrate  with  hy- 
drochloric acid,  to  precipitate  the  uric  acid.  Collect  on  a  weighed  filter, 
wash  cautiously  with  the  Icjast  possible  quantity  of  cold  water,  dry,  ami 
weigh. 

11.  Oxalic  Acid. — As  appears  from  the  note  to  3,  the  oxalate  of 
ammonia  in  guano  i>lays  an  important  part  with  respect  to  the  solution 
of  the  phosphate  of  lime.  It  Ls,  therefore,  frequently  a  matter  of  inter- 
est to  determine  the  oxalic  acid.  This  is  best  done  in  a  separate  por- 
tion after  §  137,  d,  /?.  A  little  dilute  sulphuric  acid  is  first  made  to  act 
upon  the  guano,  till  all  the  carbonic  acid  is  expelled,  the  sulphuric  acid 
is  then  neutraliz3'l  with  solution  of  soda  free  from  carbonic  acid,  the 
manganese  is  added  and  the  decomposition  is  efiected  with  dilute  suJ 
phuric  acid.  I  pi'efer  to  conduct  the  decomposition  in  the  apparatus 
figured  p.  294,  collecting  the  carbonic  acid  in  a  weighed  soda-lim^ 
tube. 

As  the  manuring  value  of  a  sample  of  guano  may  be  estimated,  with 
sufficient  accuracy,  from  the  phosphoric  acid  and  nitrogen  which  it  cou- 

some  time.  In  the  first  case,  the  solution  contains  mnch  oxalate  and  little  phu» 
phate,  together  with  some  sulphate  of  ammonia ;  in  the  second  case,  the  oxalate 
of  ammonia  is  more  or  less  completely  replaced  by  phosphate  of  ammonia,  tbe 
oxalic  acid  having  combined  with  lime  in  the  residue.  The  cause  of  this  deporfc- 
ment  is  that  phosphate  of  lim<),  although  when  in  contact  with  oxalate  of  am;mo» 
nia  and  water  alone  it  scarcely  suffers  any  change,  is  very  soon  converted  into 
oxalate  of  lime,  with  formation  of  phosphate  of  ammonia,  when  sulphate  of  :un- 
monia  (or  chloride  of  ammonium)  is  also  present.  The  sulphate  of  ammonia 
renders  the  phosphate  of  lime  somewhat  soluble,  the  dissolved  part  is  at  once 
precipitated  by  the  oxalic  acid,  and  the  sulphate  of  ammonia  is  thus  enabled  tc 
act  afresh  upon  the  phosphate  of  lime. 
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tains,  the  aaalysis  is  oflen  considerably  shortened,  and  confined  to  the 
following  processes : — 

a.  Determination  of  Water  (see  1). 

h,  Determination  of  Ash  (see  2). 

c.  Determination  of  Phoephoric  Acid. — ^Mix  1  part  (1  or  2  grm.)  of 
the  sample  of  guano  with  1  part  of  carbonate  of  soda  and  1  part  of 
nitrate  of  potassa ;  ignite  cautiously,  dissolve  the  residue  in  hydrochlo- 
nc  acid,  evaporate  to  dryness  on  the  water-bath,  treat  with  hydrochlo- 
ric acid  and  water,  ;filter,  add  ammonia  to  the  filtrate  to  alkaline  reac- 
tion, then  acetic  acid  until  the  phosphate  of  lime  is  redissolved,  and 
lastly — without  previously  filtering  otF  the  very  trifiing  precipitate  of 
phosphate  of  sesquioxide  of  iron — acetate  of  sesquioxide  of  uranium,  and 
determine  the  phosphoiic  acid  as  directed  p.  272,  c. 

d.  Determination  of  Nitrogen^  after  §  185. — As  mixing  the  guano  in 
the  mortar  with  soda-lime  would  be  attended  with  escape  of  an  appre- 
r:iable  amount  of  ammonia,  it  is  advisable  to  efiTect  this  operation  in  the 
combustion  tube,  with  the  aid  of  a  wire  (comp.  pp.  426 — S). 

• 

C.  Analysis  op  Bone  Dust 

§  234. 

There  are  three  sorts  of  bone  dust. 

I.  The  powder  obtained  by  the  grinding  of  more  or  less  fresh  bones, 
which  is  generally  very  coarse.* 

II.  The  powder  obtained  by  the  grinding  of  more  or  less  decayed 
bones. 

III.  The  powder  of  bones  which,  previous  to  the  operation  of  grind- 
ing, have  been  submitted  to  the  action  of  boiling  water,  or  high-pressure 
steam. 

I.  ia  very  coarse,  and  contains  a  relatively  lai'ge  proportion  of  fat  and 
of  gelatigenous  matter.  II.  is  considerably  poorer  in  organic  substances. 
III.  is  much  finer  than  I.  and  II. ;  it  contains  hai'dly  any  fat,  and  is 
somewhat  poorer  in  gelatigenous  matter. 

1.  Examine  the  powder,  in  the  first  place,  by  careful  inspection, 
sifting,  and  elutriation,  to  ascertain  the  degree  of  comminution^  and  the 
presence  of  foreign  matters. 

2.  Determination  of  iJie   Water, — Dry  a  sample  at  125°. 

3.  Total  amount  of  fixed  ConetUuents, — Ignite,  about  6  grm.,  with 
access  of  air,  until  the  ash  appears  white;  moisten  with  carbonate  of 
ammonia,  dry,  ignite  gently,  and  weigh  the  residue. 

4.  Fixed  Constituents  singly. — ^Treat  the  ash  of  3  with  dilute  hydro- 
chloric acid,  filter  off  the  insoluble  portion  (sand,  <!ec.),  and  determine 
the  sesquioxide  of  iron,  lime,  magnesia,  chloiide  of  sodium,  and  phos- 
phoric acid  in  the  solution  as  directed  §  232,  4. 

5.  Nitrogen, — Ignite  0*5 — 0*8  grm.  with  soda-lime  (§185). 

6.  Fat. — £xhaust  5  grm.  of  the  sample  (ground  as  finely  as  possible), 
by  boiling  with  ether,  and  dry  the  residue  at  125^.  The  loss  of  weight 
minus  the  moisture  found  in  2,  shows  the  amount  of  fat.     By  way  of 

*  f'^  Floor  of  bone  ^  obtained  from  fresh  bones  contains  several  per  cent,  of 
eommon  salt  to  preserve  it  from  putrefaction.] 
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control,  the  ether  may  be  distilled  off,  and  the  residual  fat  weighed,  care 
being  taken  to  leave  no  water  under'the  fat. 

7.  Deduct  from  the  total  weight  the  sum  of  the  fixed  constituents^ 
carbonic  acid,  water,  and  fat ;  the  difference  expresses  the  gekUigenouM 
nuUier. 

8.  Determine  the  carbonic  acid  after  p.  293  e. 


D.  Analysis  of  Superphosphate. 

§235. 

Substances  which  contain  basic  phosphate  of  lime  in  a  difEcultly  sola- 
ole  condition,  are  often  converted  into  so-called  superphosphate ,  for  the 
purpose  of  rendering  the  phosphoric  acid  soluble,  and  consequently  more 
readily  accessible  to  plants.  This  is  done  by  subjecting  them  to  the 
a<;tion  of  a  certain  quantity  of  acid,  usually  sulphuric  (occasionally  as- 
sociated with  hydrochloric),  by  which  sulphate  of  lime  (and  chloride  of 
calcium),  acid  phosphate  of  lime  and  phosphoric  acid  are  formed.* 

The  following  bodies  are  employed  for  the  preparation  of  superphos- 
phate, viz.,  spent  bone-black  from  sugar  refineries,  coprolite,  apatite, 
phosphorite,  Baker  guano,  precipitated  basic  phosphate  of  lime  from 
glue  works,  and,  more  rarely,  bone  dust. 

As  it  is  unusual  to  employ  enough  acid  to  set  the  whole  of  the  phos- 
phoric acid  free,  the  superphosphates  generally  consist  of  mixtures  of 
sulphate  of  lime  (and  chloride  of  calcium),  basic  phosphate  of  lime,  phos 
phate  of  sesquioxide  of  iron,  phosphoric  acid,  and  water.  Carbon  oi 
organic  matter  (containing  nitrogen)  is  frequently  also  present.  Their 
quality  is  very  vaiiable,  according  to  the  raw  mat eiial  employed  and  the 
method  of  treatment,  but  they  all  agree  in  this,  that  they  consist  of  sab- 
stances  (a)  readily  soluble  in  water,  (b)  difiicultly  soluble  in  water,  and 
(c)  insoluble  in  water. 

Before  we  can  judge  of  the  value  of  a  superphosphate    it  is  abso 
lutely  necessary  to  know,  not  merely  the  quantity  of  the  constituents, 
but  how  they  are  combined  and  how  they  deport  themselves  with  sol- 
vents ;  hence  the  analysis  becomes  somewhat  complicated. 

1.  Dry  about  3  gnn.  of  the  sample  at  160 — 180°.  The  loss  of  weight 
expresses  a,  the  moisture  y  6,  the  water  of  the  sulphate  of  lime. 

2.  Triturate  10  grm.  of  the  undried  superphosphate  in  a  dish  with 
cold  water  by  the  aid  of  a  pestle,  till  all  the  lumps  are  completely  bro- 
ken down,  allow  to  settle,  pour  off  the  clear  supernatant  fluid  through  a 
filter,  and  repeat  the  extraction  with  cold  water,  till  the  fluid  no  longer 
shows  acid  reaction.  Dilute  the  aqueous  solution  so  obtained  to  500 
c.  c,  and  dry  the  residue  at  about  100°. 

3.  Divide  the  aqueoiis  solution^  which  generally  appears  yellow  from 
the  presence  of  organic  matter,  into  4  portions,  viz.,  a,  6,  and  c,  of  100 
c.  c.  each,  and  d^  of  200  c.  c. 

a.  Evaporate  in  a  platinum  dish,  adding,  after  some  time,  cautiously, 
thin  milk  of  lime  just  to  distinct  alkaline  reaction;  proceed  with  the 
evapoi'ation,  dry  the  residue  at  180°,  and  weigh;  ignite  the  weighed 

*  Oomp.  Reinh.  Weber,  Pogg.  Annal.  100,  506. 
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residue  and  weigh  again :  the  difference  between  the  two  weighings  ex- 
presses the  quantity  of  organic  mcUt'Cr  in  the  aqueous  solution.  Boil 
the  residue  with  pure  lime-water,  then  with  water,  filter,  pi-ecipitate  the 
sulphuric  acid  from  the  filtrate  by  addition  of  a  little  chloride  of  barium, 
then  the  baryta  and  lime  by  carbonate  of  ammonia,  and  determine  th« 
alkalies  as  chlorides  according  to  p.  345,  15* 

h.  Precipitate  with  chloride  of  barium,  and  determine  the  sulphuric 
:icid  in  the  usual  way  (§  132,  I.,  1). 

c.  Serves  for  the  determination  of  any  hydrochloric  add  after  §  141. 
Organic  matter,  if  present  in  large  quantity,  is  destroyed  as  in  </. 

d.  Add  an  excess  of  carbonate  of  soda  and  a  little  nitrate  of  potassa, 
and  evaporate  to  dryness  in  a  platinum  dish.  Ignite  the  residue  gently, 
then  soften  with  water,  rinse  into  a  beaker,  add  hydrochloric  acid,  and 
apply  a  gentle  heat  until  complete  solution  is  effected.  Add  to  the 
clear  fluid,  ammonia,  then  acetic  acid  in  excess  ;  filter  off  the  phosphata 
<^  sesquioxid^  of  iron,  and  divide  the  filtrate  into  two  equal  portions. 
Determine  in  one  the  plwsphoric  acid*  with  uranium  solution  either 
gravimetrically,  after  p.  272,  c,  or  by  the  volumetric  method,  p.  274. 
Estimate  in  the  other  portion  the  liiiie  and  magnesia  as  directed  p. 

349,29. 

4.  Transfer  the  residue  of  2  to  a  weighed  platinum  dish,  add  the  ash 

of  the  filter,  dry  at  180°,  and  weigh.  The  weight  expresses  the  total 
amount  of  substances  insoluble  in  water.  Now  ignite  gently,  with  access 
of  air,  until  the  whole  of  the  organic  matter  and  charcoal  is  burnt ;  the 
loss  of  weight  indicates  the  amount  of  these  latter. 

5.  Boil  the  residue  of  4  with  dilute  hydrochloric  acid ;  after  boiling 
for  some  time,  dilute  with  water,  filter,  and  dilute  the  filtrate  by  means 
of  the  washing  water  to  \  litre ;  treat  the  insoluble  residue  as  directed 
in  7. 

6.  Of  the  hydrochloric  acid  solution  obtained  in  5,  measure  off  two 
portions,  one  of  50,  the  other  of  100  c.  c.  In  the  foimer  determine  the 
sulphuric  acid^  in  the  latter  the  pliosjyiiate  of  sesquioxide  of  iron  (if 
present),  lime,  magnesia,  and  phosphoric  a/nd,*  as  in  3,  6  and  d, 

7.  Dry,  ignite,  and  weigh  the  insoluble  residue  of  5.  It  generally 
consists  only  of  sand,  clay,  and  silicic  acid.  To  make  quite  sure,  how- 
ever, boil  with  concentrated  hydrochloric  acid ;  should  some  more  sul- 
phate of  lime  be  dissolved,  determine  the  amount  of  this  in  the  solu- 
tion. 

8.  Lastly,  determine  the  nitrogen  in  0*8 — 1  grm.  of  the  superphos- 
phate (§  185).  In  arranging  the  results,  it  must  not  be  forgotten  that 
the  nitrogen  is  part  of  the  organic  matter  previously  determined. 

9.  Should  the  superphosphate  contain  an  ammonia  salt,  determine 
the  ammonia  as  directed  p.  157,  3,  a. 

As  regards  the  statement  of  the  results,  the  following  plan  presents  a 
very  good  bird's-eye  view  of  the  analysis : — 


*  [  Hany  superphosphates  contain  considerable  quantities  of  phosphates  of  iron 
and  alumina  which  are  to  some  extent  extracted  by  water.  In  such  cases  the 
above  method  will  not  g^ve  good  resalts,  but  both  the  soluble  and  insoluble 
phosphoric  acid  must  be  separated  by  means  of  molybdic  solution,  either  from  t^a 
original  solution  in  water  or  hydrochloric  acid,  or  from  the  acetate  of  ammonit 
precipitate.     See  p.  271.] 
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AnhTdroDt 
phosphoric    Nltr» 
aad.  g«n. 

rHydrate  of  phoephorio  acid  (3  H  0,  PO*).     1615      11-70 
Constituents    Lime,  1  dissolved  by,  or  com-l 

readily  solu-  i  Magnesia,  j        .  ^  ^^  ^  free  I       0 '50         - 

ble  in  water.  [^Ses^^ox.  u-on,  J     phosphorio'aoid        J 

Constituents  ] 
sii^W^ln    f-  Sulphate  of  Ume  (CaO,  SO, + 3  aq. ) 42-00         —  — 

water        I 

ri->„rfi*^l„*,  fPl^osptorio  acid ; 219      2'19  — 

^lubtk.   J^™«'  )     combined  with  the    | 

acids        '  Magnesia,  >  phosphoric  aoid  to  more  >•      I'Ol         — 

I  Sesquioz.  iron,  ]       or  less  basic  salts      ] 
Constituents ) 

insoluble  in  >  Clay  and  sand 2*49         -->  — 

acids.         ) 

Organic  constituents  and  carbon. : 6-51         —        0*41 

Moisture 29-15         —  — 


100-00      18  80      0-41 

It  will  be  seen  that  we  calculate  the  sulphuric  acid  found  in  solution 
and  residue  into  sulphate  of  lime,  and  add  both  the  quantities  together. 
The  residual  quantities  of  lime  in  the  solution  and  the  residue,  t.«.,  the 
portions  not  combined  with  sulphuric  acid,  are  then  put  down  as  above. 
If  the  superphosphate  was  prepared  with  sulphuric  and  hydrochloric 
acids,  the  chlorine  in  the  aqueous  solution  is  to  be  calculated  into  chlo> 
ride  of  calcium,  and  the  lime  corresponding  thereto + the  lime  combined 
with  sulphuric  acid  is  to  be  deducted  from  the  total  quantity  found  in 
the  aqueous  solution.  The  remainder  is  then  to  be  put  down  as  dis- 
solved by,  or  combined  with,  phosphoiic  acid. 

[Abridged  Analysis  of  Superphosphates. 

§236. 

For  most  ordinary  pur|X)ses  it  is  sufficient  to  estimate  on  1  grm. — 

A.  Water  expelled  at  100°  by  drying  in  water-bath. 

B.  Organic  and  otJier  volaiUe  matters  by  gentle  ignition  and  incine* 
ration  of  A  until  carbon  is  mostly  consumed. 

C.  Sarui  anfl  insoluble  matters  by  treatment  of  the  i-esidue  of  B  with 
nitric  acid. 

D.  7htfd  pJioaphoric  acid  in  \  of  the  solution  C  by  means  of  molyb- 
dic  solution,  when  iron  and  alumina  ai'e  present  in  quantities  of  over 
^  per  cent. ;  or,  in  absence  of  iron  and  alumina,  by  titration  with  stand- 
ard uranium  solution. 

E.  Soluble  phosphoric  acid  by  treating  10  grm.  as  directed  above. 
§  235,  2  and  estimating  phosphoric  acid  in  aliquot  parts  (50  c.  c.)  of  the 
solution,  Avith  ui-anium  or  molybdic  solution — see  foot-note  p.  549. 

F.  Nitrogen  in  0*5  grm.  by  combustion  with  soda  lime,  §  185. 
More  important  than  determining  the  quantities  of  lime,  magnesia, 

drc,  is  a  study  of  the  condition  of  the  phosphates  insoluble  in  water,  and 
of  the  nitrogen.  The  former  are  much  more  valuable  as  fertilizem 
when  existing  as  bone- earth  than  when  composed  of  crystallized  apatite 
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or  compact  coprolite.  The  latter  in  gelatine  or  blood  is  veiy  active, 
wiiile  in  the  form  of  leather  shavings  it  is  nearly  inert.] 

E.  Analysis  of  Bone  Black. 

§  237. 

Bone  hlack  is  extensively  employed  for  decolorizing  and  removing  the 
lime  I'rom  the  juice  in  the  preparation  of  beetroot  sugar,  and  iu  the  re- 
liiiinfi  of  cane  sugar.  When  freshly  prepared  it  consists  of  a  mixture  of 
lK)ue  earth  with  7 — 10  per  cent,  of  carbon,  but  on  use  it  takes  up  lime, 
coloring  uiatter,  mucilage,  <fec.,  from  which  it  is  freed  during  the  process 
of  reaninidtion,  by  washing,  ti'eating  with  hydrochloric  acid,  washing 
again,  drying  and  igniting.  Wlien  at  last  it  is  thoroughly  used  up,  or 
*'  spent,"  it  passes  into  the  manure  manufactoiies,  and  is  then  generally 
applied  to  the  preparation  of  8uperphos])hate.  As  the  bone  black  is 
nuich  altered  and  contaminated  by  the  numerous  operations  through 
which  it  passes,  its  value  varies  very  considerably,  and  can  only  be  es- 
timated by  analysis.  Again,  before  being  submitted  to  the  revivifying 
process,  bone  black  always  requires  testing,  in  order  that  it  may  be 
known  how  much  hydrochloric  acid  it  is  necessary  to  employ ;  in  this 
case  we  have  to  find  the  quantity  of  the  lime  which  is  not  combined 
with  f)hosphoric  acid  (and  which  is  usually  present  in  the  form  of  carbo- 
nate of  iiine). 

We  describe,  in  the  first  place,  the  ordinary  method  of  analyzing 
bone  black,  and  then  a  process  for  determining  the  carbonate  of  lime. 

General  Process. 

•  1.  Dry  2—3  grm.  at  160—180°.  The  loss  of  weight  indicates  the 
moisture, 

2.  Dissolve  5  grm.  in  the  flask  a  of  the  apparatus  figured  p.  293,  and 
determine  the  carbonic  acid  as  there  described. 

3  Filter  the  solution  through  a  weighed  filter,  wash  the  i^esidue, 
di7  at  100°,  and  weigh.  This  will  give  you  the  sum  of  the  charcoal, 
the  insoluble  organic  matter  and  the  minei*al  impurities  insoluble 
in  hydrochloric  acid  (sand  and  clay).  Now  ignite  the  dried  filter 
with  access  of  air.  This  will  give  you  the  sand  and  clay  as  the  resi- 
due.    The  cfiarcoal  and  insoluble  organic  matter  is  found  by  difterence. 

4.  Make  the  filtrate  obtained  in  3  up  to  250  c.  c.  and  determine  in 
100  c.  c.  iron^  lime,  magnesia^  and  pliosjyiioric  acid,  in  50  c.  c.  the  stU- 
phuric  acid  that  may  be  present,  and  in  the  last  100  c.  c.  the  alkalies 
possibly  present  according  to  §  232,  b.  p.  544. 

5.  Dissolve  another  weighed  portion  of  the  substance  in  dilute  nitric 
acid,  dilute  and  determine  in  the  filtrate  the  hydrocldoric  add  possibly 
present. 

Process  fob  Determining  the  Carbonate  of  Lime  oe  the  Car- 
bonate OF  Limb  and  Caustic  Lime. 

§238. 

For  determining  carbonate  of  lime  3  grm.  of  the  bone  black  are  drie<l 
and  powdered  asfindy  as  possibh.     Estimate  cai'bonic  acid  according  to 
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(7,  p.  298,  from  this  calculate  the  carbonate  of  lime.  If  a  bone  black 
contains  hydrate  of  lime,  moisten  a  portion  weighed  off  in  a  porcelairt 
dish  with  10 — 20  drops  of  carbonate  of  ammonia,  evaporate  to  dryness, 
heat  the  residue  somewhat  more  strongly  (but  by  no  means  to  ignition), 
and  ti-ansfer  without  loss  to  the  decomposing  bottle.  Calculate  as  bo- 
fore  ;  the  excess  over  the  first  estimation  is  cai*bonate  equivalent  to  the 
caustic  lime  present. 

§  239. 

19.  [Analysis  op  Coal  and  Peat. 

For  technical  purposes,  estimations  of  moisture,  ash,  coke,  and  volatile 
mattera  usually  suffice.  Determination  of  sulphur  is  less  frequently 
required,  and  ultimate  analysis  is  only  renorted  to  in  special  cases. 

a.  Moisture,  The  finely  j)ulverized  coal  (3 — 5  grm.)  is  heated  tc 
1 10 — 1 15°  for  an  hour  or  more,  or  until  it  ceases  to  lose  weight  (see  §  29). 
Many  bituminous  coals  gain  weight  after  a  time  from  oxidation  of  sul- 
phides or  hydro-carbons  (Whitney).  According  to  Hinrichs,*  drying 
the  coal  for  one  hour  effects  the  maximum  loss. 

h.  Coke  and  volatile  matters.  The  dried  coal  of  a  is  sharply  heated 
in  a  closed  platinum,  or,  in  pi-esence  of  sulphides,  in  a  porcelain  crucible 
as  long  as  combustible  matters  issue  from  it.  It  is  then  cooled  quickly. 
The  loss  is  set  down  as  volatile  matters.  The  residue,  less  the  ash,  is 
coke. 

c.  Ash,     Tlie  residue  of  h  is  incinerated  in  a  crucible  placed  aslant. 

d.  Carbon  and  hydrogen  are  determined  by  combustion  with  chromatA 
of  lead  and  bichromate  of  potash,  §  177. 

e.  Nitrogen  is  estimated  according  to  §  185. 

f.  Sulphur  is  determined  as  directed  §  219,  c.  p.  515,  but  the  evapora- 
tion w^ith  hydrochloric  acid  is  omitted,  and  the  sulphate  of  baryta,  after 
decanting  the  supernatant  liquid  uj>on  a  filter,  is  boiled  up  two  or  three 
times  with  dilute  solution  of  acetate  of  ammonia,  to  free  it  from  adhering 
salts.     Stoker  and  Pearson.] 

*  Oiemical  News,  19,  288. 


nL  ANALYSIS  OF  ATMOSPHERIC  AIR 

§  240. 

In  the  analysis  of  atmospheric  air  we  usually  confine  our  attention  to  M  € 
following  constituents :  oxygen,  nitrogen,  carbonic  acid,  and  aqueous 
vapor.  It  is  only  in  exceptional  cases  that  the  exceedingly  minute  quan- 
tities of  ammonia  and  other  gases — many  of  which  may  be  assumed  to 
be  always  present  in  infinitesimal  traces — ^are  also  determined. 

It  does  not  come  within  the  scope  of  the  present  work  to  describe  all 
the  methods  which  have  been  employed  in  the  capital  investigations 
made  in  the  last  few  years  by  Brunner,  Bunsen,  Dumas  and  Boussin- 
GAULT,  Regnault  and  Reiset,  and  others.  To  these  methods  we  are 
indebted  for  a  more  accurate  knowledge  of  the  composition  of  our  atmo- 
sphere, and  excellent  descriptions  of  them  will  be  found  in  the  works 
below.* 

I  confine  myself  to  those  methods  which  are  found  most  convenient  in 
the  analysis  of  the  air  for  medical  or  technical  purposes. 

A,  Detbrmikation  op  the  Water  and  Carbonic  Acid. 

§  2^1. 

It  was  formerly  the  custom  to  effect  these  determinations  by  Brunner's 
method,  which  consisted  in  slowly  drawing,  by  means  of  an  aspirator,  a 
measured  volume  of  air  through  accurately  weighed  apparatuses  filled 
with  substances  having  the  property  of  rettaning  the  aqueous  vapor  and 
the  carbonic  acid,  and  estimating  these  two  constituents  by  the  increased 
weights  of  the  apparatuses. 

Fig.  102  represents  the  arrangement  reconm[iended  by  Regnault. 

The  vessel  V  is  made  of  galvanized  iron,  or  of  sheet  zinc ;  it  holds 
from  50  to  100  litres,  and  stands  upon  a  strong  tripod  in  a  trough  large 
enough  to  hold  the  whole  of  the  water  that  V  contains.  At  a  a  brass 
tube  c,  with  stopcock,  is  firmly  fixed  in  with  cement.  Into  the  aperture 
by  which  serves  also  to  fill  the  apparatus,  a  thermometer  reaching  down 
to  the  middle  of  F'  is  fixed  air-tight  by  means  of  a  perforated  cork 
soaked  in  wax. 

The  efflux  tube,  r,  which  is  provided  with  a  cock,  is  bent  slightly  up- 
ward, to  guard  against  the  least  chance  of  air  entering  the  vessel  from 
below.  The  capacity  of  the  vessel  is  ascertained  by  filling  it  completely 
with  water,  and  then  accurately  measuring  the  contents  in  graduated 
-vessels.  The  end  of  the  tube  c  is  connected  air-tight  with  J<^,  by  means 
of  a  caoutchouc  tube ;  the  tubes  A — F  are  similarly  connected  with  one 
another.    A,  7?,  ^,  and  JF  are  filled  with  small  pieces  of  glass  moistened 

*  Auafuhrlicbes  Handbaoh  der  analytischen  Chemie  von  H.  Rose^  XL  853; 
Oiaham-Otto^s  ansf  uhrlich.es  Lehrbuch  der  Chemie,  Bd.  II.  Abth.  1,  S.  102  etseg.; 
Handworterbuch  der  Chemie  von  Liebig,  Poggendorff  und  Wohler,  2  Aufl.  Bd.  11. 
8.  431  ^  seg.  ;  and  Bunsen^s  Qaaometiy. 
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lire  con  ceil  tmted  sulpliiiric  acid,  V  and  J)  witli  moist  liydi-ate  of 
Finally,  A  is  hIbo  connected  with  a  long  tube  leading  to  tlia 


Vig.  lOS. 

pliwe  from  which  the  air  intended  for  annlvRis  is  tn  be  taken.  Tire  corki 
of  the  tubes  ai-e  coated  over  with  sealing-wax.  The  tiibea  A  and  J/  are 
inti^nded  to  withdraw  the  moiBtun*  from  thf  air;  Ihey  are  weighed  to. 
gether.  C\  J),  aiid  E  are  also  Weighed  jointlj-.  C  and  />  nbcorb  the 
carbonic  add ;  Ji'  the  aqneong  viiiwv  which  may  have  been  withdrawn 
from  the  liydiute  of  lime  by  the  dry  air.  /''  need  not  be  weijjhetl ;  it 
siniply  serves  to  protect  £!  Hgainut  the  entrance  of  aqueoim  va]K>r  from  T1 

The  aapii'Btor  is  completely  tilled  with  water ;  c  is  then  connected  with 
I^,  and  thim  with  the  entire  MVRtem  of  tubes;  the  cock  r  is  ojieued  a 
little,  jnst  HufEciently  to  caiine  a  slow  ctHiix  of  water.  As  the  height  of 
the  column  of  water  in  Via  continually  diminishing,  the  cock  must  frani 
time  to  time  bo  o]iened  a  little  wider,  to  maintain  as  nearly  ur  imssible a 
unifoi-m  How  of  Water.  When  V  is  completely  cmptifd,  the  height  of 
the  thermometer  and  thiit  of  the  barometer  are  noted,  and  Ihe  tubes  A 
and  Jl,  and  V,  I)-,  and  E  weighed  agiiin. 

As  the  increase  of  weight  of  A  and  li  gives  the  nmocnt  of  water,  that 
of  C,  D,  and  J',  the  amount  of  carbonic  acid,  in  tlie  aii  which  haa 
passed  through  them ;  and  as  the  volume  of  the  latter  (fn-cd  from  water 
and  carboui<!  acid)  is  accuralelv  known  from  the  aBcei-taineJ  cajiacity 

•  With  regard  to  T  anil  D.  I  hsTe  Mtiimed  to  lime,  ptufertiKg  it  to  pumice 
•nturated  with  Bolntion  nf  pottull,  hecan^.  as  HloBiweti  <  hem.  OeiitmlbL  18.56. 
BTS)  h!iB  shown,  the  xolution  of  potcsh  abeorbs  not  only  corbonic  acid,  but  also 
Djcjgen.  Indeed.  H:  I'.oBe  hail  jirevinUBly  made  a  similar  oliservation  With  re- 
vpect  to  the  other  tiibcs.  I  iireier  the  concentrated  atllpburic  acid  to  chloride  of 
cfllLium  a»  the  nhsorhi-nl  for  wnter  (bci!  Petter.kofer,  Sitanngslicr.  dcr  buyer, 
Aknd,  18H2,  II.  Heft  1 ,  8.  591,  Hlaeiw^ti's  statement,  thntconoentiaterl  sul)^nric 
acid  also  takes  up  carhonio  acid.  1  have  found  to  be  uuwonsnted.  Chloricle  of 
calcium  does  not  .liy  the  air  completely,  and,  besides,  Hlnsiwetz  sn.vs  that  when 
it  is  used  a  trace  of  chlnrinc  i^  carried  awa^  corregpondinff  to  the  amount  of  ozone' 
in  the  air  (op.  cit.  p,  .117). 
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of   V:  *  the  calculation  is  in  it«ielf  very  simple ;  but  it  involves,  at 
least  in  very  accumte  analyses,  the  following  corrections : — 

a.  Reduction  of  the  air  in  V,  which  in  satui'ated  with  aqueous  vapor, 
to  dry  air;  sinci  the  air  which  penetrates  through c  is  dry  (see  §  lUr),  y). 

$,  Reduction  of  the  volume  of  drv  air  so  found  to  O**,  and  700  mm. 
(§  195,  a  and  ii). 

When  these  calculations  have  been  made,  the  weight  of  the  air  which 
has  penetrated  into  V  is  readily  found  from  the  datum  in  Table  V.  at 
the  end  of  the  volume ;  and  as  the  carbonic  acid  and  water  have  also 
been  weighed,  the  respective  quantities  of  these  constitueutM  of  the  aii 
may  now  be  expressed  in  per-cents  by  weight,  or,  calculating  the  weights 
into  volumes,  in  j)er-cents  by  measure. 

Considering  the  great  weight  and  size  of  the  absoq)tion  apparatus,  in 
comparLson  to  the  increase  of  weight  by  the  process,  at  least  2r),000  c.  c. 
of  air  must  be  j>assed  through  ;  the  air  inside  the  balance-case^  must  bf 
kept  as  dry  as  possible  by  metins  of  a  sufttcient  quantity  of  cliloride  of 
calcium,  and  the  apparatus  left  for  some  time  in  the  balance-case,  before 
proceeding  to  weigh.  Neglect  of  these  measures  would  lead  to  considei'a- 
ble  errors,  more  particularly  as  regards  the  carbonic  acid,  the  quantity. 
of  which  in  atiho.s[»heric  air  is,  on  an  average,  about  10  times  leas  than 
that  of  the  aqu(»ous  vajmr  (com]).  Hlas'.wetz,  he,  cit,). 

For  the  exfict  ilatennut.atloa  of  the  airhoaic  acitl  one  of  the  following 
methods  is  far  better  suited  : — 

a.  Process  suf/f/ested  hi/  Fk.  Moiia,  applied  and  carpfulUj  lestM  by  H. 
V.  GiLM.f  Von  (Jilm  employed  in  his  experiments  an  aspirator  holding 
at  Iciist  .'50  litres,  whicli  was  arrangdtl  like  that  shown  in  tig.  lOli,  but' 
had  a  third  aperture,  bearing  a  small  manometer.  The  air  was  drawn 
through  a  tube,  1  metre  long,  and  about  1.5  mm.  u-ide  ;  this  tube  Wius 
di-awn  out  thin  at  tJie  upper  end,  and  at  the  lower  end  bent  at  an  angle 
of  140 — 150°.  It  was  more  than  half  filled  with  coarse  fragments  of 
glass  and  perfectly  clear  baryta  water,  and  fixed  in  such  a  position  that 
the  long  pai-t  of  it  was  inclined  at  an  angle  of  8 — 10**  to  the  horizontal. 
A  narrow  glass  tube,  fitted  into  the  inidi'awn-out  end  of  the  tube  by 
means  of  a  cork,  served  to  admit  the  air.  Two  small  flasks,  tilled  with 
baryta  water,  were  placed  between  the  absorption  tube  an<l  the  aspira- 
tor ;  these  were  intt;nded  as  a  control,  to  show  that  the  whole  of  the 
carbonic  acid  had  beeji  retained.  When  about  GO  litres  of  air  had  slowly 
]»aiiBed  tlu'ough  the  absorption  tube,  the  carbonate  of  barjla  formed  was 
filtered  off  out  of  contact  of  air,  and  the  tube  as  well  as  the  contents  of 
the  filter  washed,  first  with  distilletl  water  saturated  with  carbonate  of 
baryta,  then  with  ])ure  boileil  water.  The  carbonate  of  baryta  in  the 
filter  and  in  the  tube  was  then  dissolved  in  dilute  hydrochloric  acid,  the 
solution  eva})oiiited  to  dryness,  the  residue  gently  ignited,  and  the  chlo- 
rine of  the  chloi'ide  of  barium  determined  as  directed  §  141,  6,  a.  1  eq. 
chlorine  i^epresents  1  eq.  carbonic  acid.  It  is  obvious  tiiat  one  may  also 
determine  the  baryta  in  the  hydrochloric  acid  solution  by  ])recipitating 
with  sulphuric  acid.  For  filtering  the  carbonate  of  baryta,  v.  Gilm  em- 
ployed a  double  funnel  (fig.  103) ;  the  inner  cork  has,  besides  the  per- 

*  Or  from  the  quantity  of  water  which  has  flown  from  F,  as  the  experiment 
may  be  altered  in  this  way,  that  a  portion  only  of  the  water  is  allowed  to  mn 
ont,  and  received  in  a  measuring  vessel. 

f  Ohem.  Centralbl.  1K^7,  760. 
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Fig.  103. 


foration  through  which  the  neck  of  the  funnel  passes,  a  kieiul  btit,  which 
sstablishes  a  communication  between  the  air  in  the  outer  funnel  and  the 
air  in  the  bottle. 

As,  with  the  absorption  apparatus  arranged  as  de> 
scribed,  the  air  has  to  force  its  way  through  a  column 
of  fluid,  the  manometer  is  required  to  deteimine  the 
actual  volume  of  the  air ;  the  height  indicated  by  this 
instrument  being  deducted  from  the  barometric  pres- 
sure observed  during  the  process. 

Fr.  Mohr*  now  recommends  as  the  absorbent 
fluid  a  solution  of  baryta  in  potash.  This  is  prepared 
by  dissolving  crystals  of  baryta  in  weak  solution  of 
potash  with  the  aid  of  heat,  and  Altering  ofl'  the  car- 
bonate of  baryta,  which  invariably  forms  in  small 
quantity.  The  clear  filtrate  is  accordingly  saturated 
with  carbonate  of  baryta.  MoHR  now  leaves  out  the 
fragments  of  glass. 

This  method  affbi-ded  v.  Gilm  very  harmonious 
results.  Nevertheless,  it  involves  one  source  of  error.  If  clear  baryta 
water  is  passed  through  paper  with  the  most  careful  possible  exclusion 
of  air,  and  the  filter  is  washed  till  the  washings  are  free  fiom  baryta, 
and  dilute  hydrochloric  acid  is  then  poured  upon  the  filter,  and  the 
filti-ate  thus  obtained  isevapoitited,  a  small  quantity  of  chloride  of  barium 
will  be  left,  showing  that  a  little  baryta  was  kept  back  by  the  pa{>er. 
Al.  MuLLERf  has  already  called  attention  to  the  capacity  of  filter  paper 
for  retaining  baryta. 

6.  M.  Pettknkofer's  proccM. J 

'  a.  Principh  and  Requisites. — A  known  volume  of  air  is  made  to  act 
upon  a  definite  quantity  of  standard  baryta  water  (standardized  by 
oxalic  acid  solution),  in  such  manner  that  the  carbonic  acid  is  completely 
bound  by  the  baryta.  The  baryta  water  is  then  poured  out  into  a 
cylinder,  and  allowed  to  deposit  with  exclusion  of  air,  a  part  of  the  clear 
fluid  is  then  removed,  and  the  baryta  remaining  in  sohition  is  determin- 
ed. The  diflerence  between  the  oxalic  acid  required  for  a  certain  quan- 
tity of  baryta  water  before  and  after  the  action  of  the  air,  represents  the 
carbonate  of  baryta  formed,  and  consequently  the  carbonic  acid  present. 
Two  kinds  of  baryta  water  are  used :  one  contains  21  gnn.  and  the 
other  7  grm.  crystallized  hydrate  of  baryta  |  in  the  liti'e ;  these  servo 
for  the  determination  of  larger  and  smaller  quantities  of  carbonic  add 

*  Lehrbach  der  Titrirmetfaode.  2d  ed.  446. 

+  Joum.  f.  prakt.  Chem.  83,  884. 

X  Abhandl.  der  naturw.  u.  techn.  Commission  der  k.  bayer.  Akad  der  Wisa.  H 
1 ;  Ann.  d.  Chem.  u.  Pharm.  II.  Snpplem.  Bd.  p.  1. 

I  The  hydrate  of  baryta  must  be  entirely  free  from  caustic  potash,  and  soda, 
tbe  smallest  quantities  of  which  render  the  volumetric  estimation  in  the  presence 
of  carbonate  of  baryta  impossible,  since  the  neutral  alkaline  oxalates  decompose 
the  alkaline  earthy  carbonates.  When  a  trace  even  of  carbonate  of  baiyta  ia 
suspended  in  the  noid — and  this  is  always  the  case  when  a  baryta  water  which 
has  been  used  for  the  absorption  of  cartwnic  acid  is  not  filtered — the  reaction 
continues  alkaline  if  the  smallest  trace  of  potash  or  soda  is  present,  because  the 
alkaline  oxalate  formed  immediately  enters  into  decomposition  with  the  carbon- 
ate of  baryta.  A  fresh  addition  of  oxalic  acid  converts  the  alkaline  carbonate 
a^ain  intu  oxalate,  and  the  floid  is  for  a  moment  neutral,  till,  on  shaking  with 
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respectively.     1  c.  c.  of  the  stronger  corresponds  to  about  3  nignn.  car 
bonic  acid,  of  the  weaker  1  c.  c.  corresponds  to  about  1  mgrm.* 

The  oxalic  acid  solution  which  serves  for  standardizing  the  baryta 
water  contains  2*8636  grm.  cryst.  oxalic  acid  in  1  litre.  1  c.  c.  corre- 
sponds to  1  mgrm.  carbonic  acid.  The  baryta  water  is  standardized  as 
follows : — transfer  30  c.  c.  of  it  to  a  flask,  and  then  nin  in  the  oxalic  acid 
from  a  Mohr's  burette  with  float ;  shake  the  fluid  from  time  to  time, 
closing  the  mouth  of  the  flask  with  the  thumb.  The  vanishing  point  of 
the  alkaline  reaction  is  ascertained  with  delicate  turmeric  paper,  f  As 
soon  as  a  drop  of  the  fluid  placed  on  the  paper  does  not  give  a  brown 
ring,  the  end  is  attained.  If  you  were  obliged,  in  the  first  experiment, 
to  take  out  too  many  drops  for  testing  with  turmeric  paper,  consider  the 
result  as  only  approximate,  and  make  a  second  experiment,  adding  at 
once  the  whole  quantity  of  oxalic  acid  to  within  1  or  ^  c.  c.  and  then 
beginning  to  test  with  paper.  A  third  experiment  would  be  found  to 
agree  with  the  second  to  j^g-  c.  c.  The  reaction  is  so  sensitive  that  all 
foreign  alkaline  matter,  particles  of  ash,  tobacco  smoke,  <fec.,  must  be  care- 
fully guarded  against. 

^.    2^he  actual  Analysis. — This  may  be  effected  in  two  diflerent  ways. 

aa.  Take  a  perfectly  dry  bottle,  of  about  6  litres  capacity,  with  well- 
fitting  ground  glass  stopper,  and  accurately  determine  the  capacity ;  fill 
the  bottle,  by  means  of  a  pair  of  bellows,  with  the  air  to  be  analyzed  ; 
add  45  c.  c.  of  the  dilute  standard  baryta  water,  and  cause  the  baryta 
water  to  spread  over  the  inner  surface  of  the  bottle,  by  turning  the  latter 
about,  but  without  much  shaking.  In  the  course  of  about  ^  an  hour  the 
whole  of  the  carbonic  acid  is  absorbed.  Pour  the  turbid  baryta  water 
into  a  cylinder,  close  securely,  and  allow  to  deposit ;  then  take  out,  by 
means  of  a  pipette,  30  c.  c.  of  the  clear  supernatant  fluid,  run  in  standard 
oxalic  acid,  multiply  the  volume  used  by  1*5  (as  only  30  c.  c.  of  the 
original  45  are  employed  in  this  experiment),  and  deduct  the  product 
from  the  c.  c.  of  oxalic  acid  used  for  45  c.  c.  of  the  fresh  baryta  water ; 
the  difference  represents  the  quantity  of  baryta  convei-ted  into  carbonate, 
and  consequently  the  amount  of  the  carbonic  acid.  If  the  air  is  unusually 
rich  in  carbonic  acid,  the  concentrated  baryta  water  is  employed. 

hb.  Pass  the  air  through  a  tube  or  through  two  tubes  containing 
measured  quantities  of  standard  baryta  water  and  flnish  the  experiment 
as  in  aa.  For  piussing  a  definite  quantity  of  air  we  should  geneiidly  employ 
an  aspirator  (p.  554);  Pettenkofeu  in  his  experiments  with  the  respi- 
ration apparatus  forced  the  air  by  means  of  small  mercurial  pumps  first 

air,  the  carbonic  acid  escapes,  and  any  carbonate  of  baiyta  still  present  converts 
the  alkaline  oxalate  again  into  carbonate.  To  test  a  baryta  water  for  caustic 
alkali,  determine  the  alkalinity  of  a  perfectly  clear  portion,  and  then  of  a  portion 
that  has  been  mixed  with  a  little  pure  precipitated  carbonate  of  baryta.  If  yon 
use  more  oxalic  acid  in  the  second  than  in  the  first  experiment,  caustic  alkali  is 
present,  and  some  chloride  of  barium  must  be  added  to  the  baryta  water  before 
it  can  bu  used. 

*  [The  baryta  water  is  kept  in  a  bottle  under  a  thin  stratum  of  kerosene 
i  Hour).  It  is  drawn  off  through  a  syphon  supported  in  the  stopper,  the  outer 
leg*  of  which  is  recurved  upwards  and  closed  with  a  bit  of  rubber  tube  and  clip. 
By  having  this  leg  of  the  syphon  sufficiently  long  the  burette  may  be  filled  by 
inserting  its  delivery  end  in  the  rubber  tube  and  opening  both  dips.] 

f  Prepared  with  lime-free  Swedish  filter  paper,  and  tincture  of  turmeric.  The 
spirit  used  in  making  the  latter  must  be  free  from  acid.  Dry  the  jiapcr  in  a  dark 
room,  and  keep  it  protected  from  the  light     It  is  lemon  yellow. 
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through  the  titl>eB,  aad  then  through  an  appaiiitus  for  mea!!Uiiiig  tlie  gns. 
rhe  foi'in  and  iLi'raiigenient  of  the  tubes  is  illiiHtrnt«d  hy  tig.  JU4.  Two 
such  tubes  were  useti ;  the  fiiiit  was  1  metre,  the  second  '3  01611*68  long; 
they  were  filled  with  buiyta  water — the  former  with  the  ati-ongeraolutioii, 
the  latter  with  the  weaker.  The  air  is  introduced  through  the  short 
limbs  of  the  tubes,  and  in  carried  beyond  the  bends  by  a  narrow  ilttxiblo 
tube,  and  the  glas^i  tubes  themselves  arc  so  inclined  that  the  bubbles  of 
air  move  oil  with  the  neciMsary  rapidity  without  uiiitiug.  The  DiotiuM 
of  tlie  gas  bubbles  keeps  up  a  couetant  mixing  of  the  baryta  water. 


B.   DETERlIINATtOK   OF  THE  OxYaHN  AND   NiTROGBt. 

§242. 

•nie  method  I  shall  give  is  that  proposed  by  v.  Liebio.*  It  is  based 
opon  the  observation  made  by  Chevreul  and  Dorereiner,  that  pyro- 
gallic  add,  in  alkaline  solutionR,  lias  a  powerful  tendency  to  absorb  oxygen, 

•  Annal.  d.  Chem,  u.  Phana.  77,  107. 
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1.  A  stnmg  measuring  tube,  holding  30  c.  c,  and  divided  into  -^  or  ^ 
c.  c,  is  filled  to  f  with  the  air  intended  for  analysis.  The  remaining  part 
of  the  tube  is  filled  with  mercury,  and  the  tube  is  inverted  over  that 
fluid  in  a  tall  cylinder,  widened  at  the  top. 

2.  The  volume  of  air  confined  is  measured  (§  12).  If  it  is  intended 
to  determine  the  carbonic  acid  —which  can  be  done  with  sufficient  accu- 
racy only  if  the  quantity  of  the  acid  amounts  to  several  per-cents — the 
air  is  dried  by  the  inti'odnction  of  a  ball  of  chloride  of  calcium  before 
measuring.  If  it  is  not  intended  to  determine  the  carbonic  acid,  this 
opei-ation  is  omitted.  A  quantity  of  solution  of  potassa  of  1-4  sp.  gi\ 
(1  part  of  dry  hydrate  of  i)otassa  to  2  parts  of  water),  amounting 
to  from  ^jp  to  -^ff  of  the  volume  of  the  air,  is  then  introduced 
into  the  measuring  tube  by  means  of  a  pipette  with  the  point  bent 
upwards  (fig.  105),  and  spread  over  the  entire  inner  surface  of  | 
the  tube  by  shaking  the  latter ;  when  no  further  diminution  of 
volume  takes  place,  the  decrease  is  read  off".  If  the  air  has 
been  dried  previously  with  chloride  of  calcium,  the  diminution 
of  the  volume  expresses  exactly  the  amount  of  carbonic  acid 
contained  in  the  air;  but  if  it  has  not  been  dried  with  chloride  —  -^- 
of  calcium,  the  diminution  in  the  volume  cannot  afibrd  correct  ^' 
information  as  to  the  amount  of  the  carbonic  acid,  since  the  strong  solu- 
tion of  potassa  absorbs  aqueous  vapor. 

3.  When  the  carbonic  acid  has  been  i-emoved,  a  solution  of  pyrogallic 
acid,  containing  1  grm.  of  the  acid  *  in  5  or  G  c.  c.  of  water,  is  introduced 
into  the  same  measuring  tube  by  means  of  another  pipette,  similar  to  the 
one  used  in  2  {^g,  105);  the  quantity  of  pyrogallic  acid  employed  should 
be  half  the  volume  of  the  solution  of  potassa  used  in  2.  The  mixed  fluid 
(the  pyrogallic  acid  and  solution  of  potassa)  is  spread  over  the  inner 
surface  of  the  tube  by  shaking  the  latter,  and,  when  no  fui-ther  diminu- 
tion of  volume  is  observed,  the  residuary  nitrogen  is  measured. 

4.  The  solution  of  pyrogallic  acid  mixing  with  the  solution  of  potassa  of 
course  dilutes  it,  causing  tlius  an  error  fi*om  the  diminution  of  its  tension ; 
out  this  error  is  so  trifling  that  it  has  no  appreciable  influence  u})on  the 
results;  it  may,  besides,  be  readily  corrected,  by  introducing  into  the  tube, 
after  the  absorption  of  the  oxygen,  a  small  piece  of  hydrate  of  potassa  cor- 
responding to  the  amount  of  water  in  the  solution  of  the  jiyrogallic  acid. 

5.  There  is  another  source  of  error  in  this  method ;  viz.,  on  account  of 
a  portion  of  the  fluid  alw^ays  adhering  to  the  imier  surface  of  the  tube, 
the  volume  of  the  gas  cannot  be  read  off  with  absolute  accuracy.  In 
comparative  analyses,  the  influence  of  this  defect  upon  the  results  may 
be  almost  entirely  neutralized,  by  taking  nearly  equal  volumes  of  air  in 
the  sevei^l  analyses.f 

0.  Notwithstanding  these  sources  of  error,  the  results  obtained  by  this 

method  are  veiy  accurate  and  constant.     In  eleven  analyses  which  v. 

LiEBiG  reports,  the  greatest  difference  in  the  amount  of  oxygen  found 

was  between  20*75  and  2 1  03.     The  numl)ei'S  given  express  the  actual 

and  uncorrected  results. 

^ - . 

*  Liebig  has  described  a  very  advantageous  method  of  preparing  pyrogallic 
jt/cad.     See  Annal.  d.  Chem.  a.  Pharm.  101,  47. 

f  Bnnsen  employs  for  the  absorption  of  oxygen  a  papier-mdchv^  ball  Ratnrated 
with  a  ooncentrated  alkaline  solution  of  pyrogaJlate  of  potassa,  which  he  intro- 
duces into  the  gaseous  mixture  attached  to  a  platinum  wire.  By  adopting  this 
prooeeding,  the  source  of  error  mentioned  in  5  is  avoided.  See  also  Eussell, 
Jour.  Chem.  Soa  1808,  pp.  130,  131. 
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The  princii  al  point  kept  in  view  in  the  selection  of  these  exercises  hai 
l)een  that  most  of  them,  and  more  particularly  the  first,  shoiild  permit  an 
exact  control  of  the  results.  This  is  of  the  utmost  importance  for 
students,  since  a  well-grounded  self-reliance  is  among  the  most  indispen- 
sable requisites  for  a  successful  pui*suit  of  quantitative  investigations, 
and  this  is  only  to  be  attained  by  ascertaining  for  one^s  self  how  near  the 
results  found  approach  the  truth. 

Now  a  rigorously  accurate  control  is  practicable  only  in  the  analysis 
of  pure  salts  of  known  composition,  or  of  mixtures  composed  of  definite 
2»roportions  of  pure  bodies.  When  the  student  has  acquired,  in  the 
analysis  of  such  substances,  the  necessary  self-reliance,  he  may  proceed  to 
the  analysis  of  minerals  or  products  of  industry  in  which  such  ngorous 
control  is  unattainable. 

The  second  point  kept  in  view  in  the  selection  of  these  exercises,  has 
been  to  make  them  comprise  both  the  more  impoi'tant  analytical  methods 
and  the  most  important  bodies,  so  as  to  afford  the  student  the  oppor- 
tunity of  acquiring  a  thorough  knowledge  of  every  branch  of  quantitative 
analysis. 

Organic  analysis  offers  less  variety  than  the  analysis  of  inorganic  sub- 
stances ;  the  exercises  relating  to  the  former  branch  are  therefore  less 
numerous  than  those  relating  to  the  latter. 

I  would  advise  the  student  to  analyze  the  same  substance  repeatedly, 
until  the  results  are  quite  satisfactory.  [It  is  a  good  habit  always  to 
carry  on  together  duplicate  analyses.  It  requires  but  little  moi-e  time 
to  make  two  analyses  than  to  make  one,  and  tiie  operator's  expeiieuce  is 
thus  very  economically  doubled.] 

It  is  by  no  means  necessary  for  the  student  to  go  through  the  whole 
of  4hese  examples ;  the  time  which  he  may  require  to  attain  proficiency 
in  analysis  depends,  of  course,  upon  his  own  abilities.  One  may  be  a  good 
analyst  without  having  tried  every  method,  or  determined  ec&i^  body. 
A  few  substances  'vM  analyzed  yield  more  profit  than  can  be  obtained 
from  going  over  many  processes  in  a  superficial  manner.  • 

Finally,  the  student  is  warned  against  prematurely  attempting  to  dis- 
cover new  methods ;  he  should  wait  until  he  has  attained  a  good  degi'ee 
of  proficiency  in  general  chemistry,  and  more  particularly  in  practical 
•naljBLB. 


EXERCISES. 

jl  simple  determinations  in  the  gravimbtbic  way,  intended 
to  perfect  the  student  in  the  practice  op  the  more 
common  analytical  operations. 

[We  give  hei'e,  iu  the  first  [ilace,  quite  full  details  of  all  the  steps  in  tb«« 
estimation  of  chlorine  iu  chloiide  of  sodium,  including  the  preparation 
of  this  salt  in  a  state  of  puiity.  This,  it  is  hoped,  will  relieve  much  of 
the  perplexity  which  the  beginner  must  at  first  experience  in  making 
out  a  scheme  of  opei-ations  from  the  vaiious  sepai*ate  paragraphs  where 
the  processes  ai'e  described.  The  student  should  not  fail,  however,  to 
study  carefully  the  chapter  on  operations  while  carrying  on  the  analysis, 
nor  to  examine  every  reference. 

1.  Chloride  of  Sodium. 

Preparation, — Dissolve  150  gmi.  of  clean  crystallized  carbonate  of 
soda  in  hot  water,  place  a  small  bit  of  litmus  paper  in  the  solution,  add 
pure  hydrochloric  acid  to  acid  reaction,  and  evaporate  in  a  porcelain  dish 
to  dryness,  whereby  silica  becomes  insoluble.  If  the  dry  residue  has  a 
yellow  tinge,  which  is  due  to  iron,  raise  the  heat  somewhat  until  the 
residue  is  brown  oi*  black  in  color  and  no  acid  odor  is  perceptible  when  it 
is  bi*eathed  on.  This  treatment  converts  soluble  sesquichloride  of  iron 
into  insoluble  oxychloride.  Dissolve  the  residue  in  hot  water,  filter,  and 
evaporate  the  solution,  contained  in  a  beaker,  at  a  temperature  somewhat 
below  the  boiling  point,  until  there  remains  a  small  quantity  of  liquid 
above  the  crystals  of  salt.  Pour  off  this  mother  liquor,  rinse  the  crystals 
repeatedly  with  small  quantities  (their  own  bulk)  of  cold  wat«r  until  the 
rinsings  give  but  a  very  slight  *  reaction  for  sulphuiic  acid  with  chloride 
of  barium. 

A  portion  f  of  the  salt  th\is  obtained  is  crushed  to  a  coarse  powder, 
heated  in  a  covered  crucible  until  it  ceases  to  decrepitate,  but  not  to 
fusion,  and  preserved  in  a  weighing  tube  (like  a  small  test  tube,  but  not 
fiared  at  the  mouth)  that  is  closed  with  a  soft,  well-fitting,  and  smooth 
cork. 

Estimation  of  Chlorine. 

1.  Weighing  out  tJie  mbstance. — ^The  tube  containing  the  prepared 
salt  is  wiped,  if  need  be,  from  dust.  The  cork  is  taken  out,  and  by 
means  of  a  bit  of  thin  paper,  or  a  clean  linen  handkerchief,  any  particles 

*  It  is  not  needful  for  ordinary  qnantitative  purposes  that  a  salt  should  be 
BO  free  from  foreign  matters  that  the  latter  cannot  be  detected  by  sensitiYe  re- 
agents, and  for  the  reason  that  it  is  not  possible  to  collect  and  weigh  the  mmnte 
traces  which  are  thus  indicated. 

f  Pure  chloride  of  sodium  is  needed  in  other  analyses,  and  the  chief  part  ol 
what  is  thus  prepared  should  be  carefully  bottled  and  reserved  for  future  use. 
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of  salt  adhering  to  the  cork,  and  to  the  inside  of  the  tube  as  far  as  the 
cork  reaches,  are  removed.  The  cork  is  replaced,  and  the  whole  is 
weighed  (see  §§  9  and  10),  the  weight  being  immediately  recorded  in  the 
note-book.  A  clean  beaker  or  assay-flask,  of  about  200  c.  c.  capacity, 
being  ready,  the  weighing-tube  is  held  over  it  and  the  cork  carefully 
removed.  A  portion  of  substance  is  allowed  to  fall  in  the  vessel,  and, 
the  cork  being  replaced,  the  tube  is  again  counterpoised.  If  two  to  three 
decigrammes  have  been  emptied,  the  operator  is  ready  to  j)roceed.  If 
less,  more  should  be  transferred  from  the  tube  to  the  vessel.  If  more, 
or  much  more,  it  is  better  to  begin  anew,  by  weighing  otf  another  portion 
into  another  beaker  or  flask.  In  this  manner  weigh  off  two  portions  in 
separate  vessels,  so  as  to  carry  together  duplicate  analyses.  Now  affix  a 
piece  of  gummed  paper  to  each  vessel,  and  label  them  to  con-esi)ond  with 
their  designation  in  the  note-book. 

2.  Solution  and  precipitation. — Dissolve  the  weighed  j)ortions,  each  in 
about  100  c.  c.  of  cold  distilled  water,  add  a  few  drops  of  pure  nitric  acid, 
and,  lastly,  clear  solution  of  nitrate  of  silver  *  until  further  addition  no 
longer  produces  a  precipitate. 

Agitate  the  mixture  well,  but  with  care  to  avoid  loss.  This  can  be 
done  by  shaking,  if  a  flask  be  in  use,  or  by  stirring  with  a  glass  rod,  if  a 
beaker  be  employed. 

Set  the  vessel  aside  in  a  dark  place,  covered  with  paper  or  a  watch- 
glass  to  exclude  dust,  and  let  stand  for  about  12  hours,  or  until  the 
precipitate  has  siibsided  and  the  liquid  above  it  is  perfectly  clear,  then 
add  a  drop  of  nitrate  of  silver  to  make  s\u:e  that  the  precipitation  is  com- 
plete (if  not  com[>lete,  add  more  solution  of  silver,  and  let  stand  again 
for  some  hours). 

3.  JFytration, — ^A  filter  is  placed  in  a  funnel  at  least  ^  inch  deeper 
than  itself,  and  moistened  with  water,  at  the  same  time  being  carefully 
pressed  down  so  that  its  edges  touch  the  glass  at  all  points.  The  funnel 
being  supported  on  a  stand,  a  clean  beaker  or  flask  is  put  beneath  it,  and 
the  operator  proceeds  to  pour  the  liquid — on  whose  suriFace  some  particles 
of  chloride  of  silver  usually  float — into  the  filter,  leaving  the  bulk  of  the 
precipitate  undisturbed.  To  do  this  without  loss  the  following  precau- 
tious may  be  regarded :  a.  Touch  the  edge  or  lip  of  the  vessel  with  a 
very  slight  coat  of  tallow  (a  small  bit  of  which  is  kept  at  hand  under 
the  edge  of  the  work-table,  and  is  applied  with  the  finger).  6.  Pour  slowly 
over  the  greased  i)lace,  along  a  glass  rod  held  nearly  vertical,  so  directing 
the  stream  that  it  shall  strike  against  the  side,  not  into  the  vertex  of  the 
filter,  c.  When  the  filter  is  filled  to  witliin  ^  inch  of  the  top  discontinue 
the  pouring,  bringing  the  rod  into  the  vessel  containing  the  precipitate, 
after  it  has  drained  so  that  nothing  will  fall  from  it. 

The  pouring-rod  may  be  simply  straight,  and  an  inch  longer  than  the  diagonal 
of  the  TOBsel,  or,  when  it  is  desirable  not  to  disturb  a  precipitate,  it  may  be  3 — 4 
inches  long  and  bent  Ryphon  fashion  so  as  to  hang  on  the  edge  of  a  beaker  or  flask. 
In  either  case  its  end  Bhould  be  rounded  by  fusion,  and  those  portions  along  which 
the  Uquid  flows  must  not  be  handled. 

The  vessel  containing  the  precipitate,  as  well  as  that  which  i-eceivea 
the  filtrate,  and  likewise  the  funnel,  should  be  kept  covered  as  much  as 

*  Solution  of  a  silver  coin  in  nitric  acid  answers  for  this  purpose  as  well  as  puri 
nitrate,  provided  it  be  clear  and  contain  but  little  free  acid. 
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possible  in  all  casf*.8  when  nicety  is  required,  to  prevent  access  of  diusi, 
insects,  &c. 

The  most  oonyenient  covers  are  large  watch-glasses,  but  square  plates  of  glsjBs, 
or  even  cards,  will  generally  answer.  The  receiving- vessel  may  also  be  protected 
by  employing  the  filter-stand  represented  in  fig.  34,  p.  57. 

The  filtration  of  chlonde  of  silver  should  be  conducted  without  expos- 
ing it  to  sti-ong  light,  whereby  it  is  blackened,  with  loss  of  chlorine,  p.  208. 

d.  When  all,  or  nearly  all,  the  liquid  has  passed  the  filter,  it  reifiains 
to  wash  and  to  transfer  the  precipitate. 

These  opei*ations  may  be  carried  on  as  follows:  pour  about  100  c.  c. 
of  cold  distilled  water  upon  the  precipitate,  which  mostly  remains  in  the 
vessel  where  it  was  formed,  and  agitate  vigorously,  in  order  to  break  up 
and  divide  the  lumpy  chloride  of  silver,  and  bring  every  part  of  it  i>er- 
fectly  iu  contact  with  the  water. 

When  in  a  beaker«  the  agitation  must  be  made  with  great  caution,  by  means 
of  a  glass  stirring- rod ;  when  in  a  narrow-mouthed  flanged  flask,  this  may  be 
tightly  closed  by  a  perfectly  smooth  cork  (softened  for  the  purpose  by  squeezing) 
and  then  shaken  violently. 

The  water  and  precipitate  are  now  poured  together  upon  the  filter, 
with  the  precautions  bafore  detailed.  The  last  portions  of  the  preci])itate 
are  removed  from  the  beaker  or  flask  by  repeated  rinsings,  in  which  a 
wash-bottle  like  fig.  36,  p.  59,  may  be  conveniently  employed. 

Any  portions  of  precipitate  that  adhere  to  the  sides  of  the  vessel  too 
strongly  to  be  removed  by  a  stream  from  the  wash-bottle  must  be  rubbtkl 
off.     For  this  purpose  the  feather  is  employed. 

It  is  made  from  a  goose-quill,  by  cutting  off  the  extreme  tip  for  an  inch  or  so, 
and  smoothly  trimming  away  the  beard,  except  a  portion  of  one  half-inch  in  length 
on  the  inside  of  the  curve.  The  tubular  part  may  be  removed  or  not,  to  suit  the 
depth  of  the  dish  which  is  to  be  washed. 

Tlie  dish  being  wiped  clean,  externally,  a  little  water  is  put  in  it,  and, 
it  being  held  up  to  the  light,  its  whole  interior  surface  is  gently  rubbed 
with  the  feather,  then  rinsed,  rubbed  again  and  rinsed,  so  long  as  careful 
inspection  discovers  any  jwrtions  of  adhering  precipitate ;  finally,  the 
feather  is  rinsed  in  a  stream  of  water,  the  rinsings  in  each  case  being 
poured  upon  the  filter. 

The  washing  is  now  continued  by  help  of  the  wash-bottle.  A  jet  of 
cold  water  is  directed,  first,  upon  the  interior  of  the  funnel,  just  above 
the  filter,  then  upon  the  edge  of  the  filter  itself.  If  thrown  immediately 
against  the  paper,  this  is  liable  to  be  perforated.  The  stream  of  water  is 
carried  around  the  edge  of  the  filter  until  the  latter  is  nearly  full,  and 
tlie  liquid  is  then  allowed  to  drain  off.  This  process  is  repeated  until  a 
portion  of  the  wash-waters,  collected  to  the  depth  of  an  inch  in  a  test 
tube  containing  a  drop  of  hydrochloric  acid,  give  no  turbidity  of  chlo- 
ride of  silver.  When  this  is  accomplished,  the  precipitate  is  washed 
down  into  the  vertex  of  the  filter.  The  funnel  is  then  closely  covered 
with  paper  (p.  C2),  labelled,  allowed  to  drain  thoroughly,  and  set  away 
in  a  warm  i>lace  for  drying. 

When  the  Bunsen  pump  is  employed,  read  §  53  c.  p.  77,  and  follow  the 
directions  on  page  72,  bottom ;  as  to  washing,  see  pp.  67  and  68. 

5.  Ih'i/lfif/  tJte  filter.  In  public  laboratories  a  heated  closet  is  usually 
provided  for  diyiii^  flltei's.     Its  temperature  should  not  exceed  100°  O. 
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In  default  of  such  special  arrangement,  the  drying  may  be  effected  over 
the  register  of  a  hot-air  furnace,  or  over  a  common  stove  or  kitchen  range. 
The  funnel  may  also  be  supported  on  a  retort-stand  over  a  sheet  of 
iron,  which  is  heated  beneath  by  a  lamp,  or  may  be  placed  at  once  in  the 
"water-bath.     See  pp.  62  and  79.  * 

6.  When  the  precipitate  is  perfectly  dry  we  proceed  to  ignite  it  for 
weighing. 

A  small  porcelain  crucible  (platinum  must  not  be  used)  is  cleaned, 
gently  ignited,  and  when  cool  (after  15 — 20  minutes)  weighed. 

The  work-table  being  clean,  two  small  sheets  of  fine  and  smooth  wiit- 
ing  or  glazed  paper  are  opened  and  laid  down  side  by  side.  The  filter 
is  removed  from  the  funnel  and  carefully  inveit-ed  upon  one  of  the 
papers.  The  precipitate  is  loosened  from  the  filter  by  squeezing  and 
rubbing  gently  between  the  fingers,  and  when  it  has  mostly  separated 
the  filter  is  lifted,  reversed,  and  any  poi'tions  of  chloride  of  silver  still 
adhering  are  loosened  by  rubbing  its  sides  together.  What  is  thus  de- 
tached ia  poured  or  shaken  out  on  the  paper. 

The  filter  is  now  spread  out  as  a  half-circle  upon  the  other  sheet  of 
paper,  and,  beginning  with  the  sti'aight  edge,  is  folded  up  into  a  narrow 
flattened-  roll,  the  two  ends  of  which  are  then  brought  together.  In  this 
way  those  central  portions  of  the  filter  to  which  pai-ticles  of  precipitate 
adhei'e  are  thoroughly  enveloped  by  the  exterior  ])ai'is,  so  that  in  the  sub- 
sequent bmTiing  nothing  can  easily  escape.  \ 

The  crucible  being  placed  on  the  glazed  paper,  the  filter  is  taken  by 
the  two  free  ends  in  a  clean  pincers  or  tongs,  put  to  the  flame  of  a  lamp 
to  set  it  on  tii-e,  and  then  held  over  the  crucible  until  it  is. completely 
charred.  It  is  then  dropped  into  the  crucible,  and  moistened  with  two 
or  three  drops  of  nitric  acid.  The  crucible  is  covered  and  placed  over  a 
low  flame  until  its  contents  are  dry,  it  is  then  heated  somewhat  stronger, 
•whereby  the  carbon  is  nearly  or  entirely  consumed. 

The  crucible  being  allowed  to  cool,  one  more  drop  of  nitric  acid,  and 
afterwards  a  drop  of  hydrochloric  acid,  is  added  to  the  residue,  and  it  is 
heated  cautiously,  without  the  cover,  until  fimies  cease  to  escape.  This 
ti*eatment  with  nitric  acid  serves  to  destroy  carbon  and  conveii;  any 
reduced  silver  to  nitrate,  which  the  hydrochloric  acid  in  turn  transforms 
into  chloride.  When  the  crucible  is  cool,  it  is  placed  again  on  the  paper, 
and  the  precipitate  is  poured  into  it  from  the  other  sheet,  the  last  par- 
ticles being  detached  by  cautious  tap])ing  with  the  fingers  imdemeath,  or 
by  the  use  of  a  clean  feather  or  camePs  hair  pencil. 

The  crucible  is  now  put  over  a  low  flame  and  heated  cautiously  until 
the  chloride  of  silver  begins  to  fuse  on  the  edges.  It  is  then  covered  and 
let  cool.  When  cold  it  is  weighed.  Bead  §  115,  1,  and  the  references 
there  made. 

7.  jRecord  and  calcuIcUion  of  results.  The  amount  of  chloride  of 
silver  is  learned  by  subtracting  from  the  total  the  joint  weight  of  the 
crucible  and  filter-ash.  The  quantity  of  chlorine  is  obtained  by  multi- 
plying the  amount  of  chloride  of  silver  by  the  decimal  0*24724.  In 
order  to  compare  results  they  are  reduced  to  per  cent,  statements  by  the 
following  proportion : — 

Substance  :  chlorine  in  substance  : :  100  :  chlorine  in  100 ;  Le.  per  cent. 

The  record  may  be  made  as  follows :  It  is  well  to  work  out  the  calcalationa  in 
full  in  the  weight-book,  as  in  case  of  mistake  the  data  are  at  hand  for  revision. 


068  SZERCI8BS  FOR  PRAGTICS. 

Na  1.  Ha  S. 

NaClondtebe 6*615  6-18C 

**  "   -Bubstauioe 6-180  5-765 

Snbfitanoe '^Sti  -415 

Gradble,  Ag  CI  and  Ash 15*8630  14*8270 

Or U-298   K^.oaoK  18*800  >iq.»ifts 

Ash -0015^^^^^  -OOISJ^^^I®^ 

Ag  01 1-0685  1-0165 

0*24724  0-24724 

42540  40660 

21270  20380 

74445  71155 

42540  40660 

21270  20880 

01 =    -262989740  •251819400 

^485)  26,29897  (60*44^  -415)  25,18194  (fiO^S^ 

2610  2490 

"I939  "^19 

1740  2075 

"1997  "2444 

Fonnd.  CaJcnlatedL 

No.  1.        No.  2. 

Ohlorine 60*44       60*56  60^66 

We  have  here  employed  the  simplest  arithmetical  calculation.  It  is  well  to 
duplicate  the  calculation  with  help  of  the  tables  given  in  the  Appendix.  See 
pp.  462-4. 

The  first  determination  given  above  is  not  only  fair  for  this  method,  but  answers 
all  ordinary  purposes.  The  second  is  very  good,  though  with  care  still  doeer 
accordance  with  theory  can  be  easily  attained.] 

2.  Iron. 

Procure  10 — 15  grms.  of  fine  bright  pianoforte  wire,  cut  it  into  lengths 
of  about  0*3  grm.  and  keep  it  free  from  rust  in  a  dry  bottle. 

Weigh,  on  a  watch-glass,  for  each  estimation,  about  0*3  grm.  of  wire, 
and  dissolve  in  hydrochloric  acid,  with  addition  of  nitric  acid.  The  acids 
are  diluted  with  a  little  water. 

The  solution  is  effected  by  heating  in  a  moderate-sized  beaker  covei^ 
with  a  watch-glass.  When  complete  solution  has  ensued,  and  the  color 
of  the  fluid  shows  that  all  the  iron  is  dissolved  as  sesquioxide  (if  this  is 
not  the  case  some  more  nitric  acid  must  be  added),  rinse  the  watch-glass, 
dilute  the  fluid  to  about  150  c.  c,  heat  to  incipient  ebullition,  add 
ammonia  in  moderate  excess,  filter  through  a  filter  exhausted  with  hydro* 
chloric  acid,  <Src.  (Comp.  §  113,  1,  a.)  If  Bunsen's  methods  are  em- 
ployed, proceed  exactly  as  described  on  pp.  72,  73,  and  77. 

As  the  sesquioxide  of  iron  generally  contains  a  small  quantity  of  silicie 
acid  (partially  ariidng  from  the  silicon  in  the  wire,  partially  taken  up 
from  the  glass  vessels),  after  it  is  weighed,  digest  with  fuming  hydro- 
chloric acid  for  some  hours ;  when  the  oxide  of  iron  is  all  dissolved,  dilute, 
collect  the  silica  on  a  small  filter,  ignite  and  weigh.  The  weight  is  the 
<dUca  +  the  ashes  of  both  filters. 
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The  records  are  made  as  follows : — 

Watch-glass  +  iron 10-3192 

"        empty 9*9750 


Iron '3442 

Crucible  +  sesquioxide  of  iron  +  silica  +  filter  ash . .     1 7*0703 
«       empty 16-5761 


•4942 
Ash  of  large  filter. -0008 


Sesquioxide  of  iron  +  silica. '4934 

Crucible  +  silica  +  ashes  of  both  filters 16*5809 

«       empty 16.5761 

*0048 
Ashes  of  the  filters -0014 


SiUca. 0034 

•4934  — *0034  =  -4900  sesquioxide  of  iron  =  -343  iron 
which  gives  99*65  per  cent. 

3.  Acetate  of  Lead. 

Determination  of  Oxids  of  ica^.— Triturate  the  dry  and  non-efflo- 
resced crystals  *  in  a  porcelain  mortar,  and  press  the  powder  between 
sheets  of  blotting  paper  until  fi^esh  sheets  are  no  longer  moistened  by  it. 

a.  Weigh  about  1  grm.,  dissolve  in  water,  with  addition  of  a  few  drops 
of  acetic  acid,  and  proceed  exactly  as  directed  §  116,  1,  a. 

6.  Weigh  about  1  grm.,  and  proceed  exactly  as  directed  §  116,  5. 

PbO 111*50  58*84 

A. 51*00  26*91 

3aq 27*00  14*25 

189*50  100*00 

4.  Potash  Aluh. 

JDetermination  of  Alumina* — ^Press  pure  triturated  potash  alimi  be- 
tween sheets  of  blotting  paper ;  weigh  ofi*  about  2  grm.,  dissolve  in  water, 
and  determine  the  alumina  as  directed  §  105,  a, 

KO 47*11  9*93 

Al,0 51-50  10*85 

4SO3 160*00  33*71 

24  HO 216*00  45-51 


^ 


474-61  100  00 

*  Obtained  by  dissolving  the  pulverized  commeroial  salt  in  hot  water  nearly  to 
Batoration,  filtering,  adding  a  drop  or  two  of  acetic  acid  to  the  solution,  and 
tlowly  evaporating  to  ciystollizction. 
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5.  Bichromate  of  Potash. 


Determination  of  Chromium, — Fuse  pure  bichromate  of  potasli  at  a 
gentle  heat,  weigh  off  '4 — '6  grm.,  dissolve  in  water,  reduce  with  hydro- 
chloric acid  and  spirit  of  wine,  and  proceed  as  dii'ected  §  1 30,  I.,  a,  a. 

KO 47-11  31-92 

2  Cr  or 100-48  68-08 


147-59  100-00 

G.  Aksenious  Acid. 

Dissolve  about  0*2  grm.  pure  arsenious  acid  in  small  lumps  in  a 
middle-sized  ilask,  with  a  glass  stopper,  in  some  solution  of  soda,  by 
digesting  on  the  water-bath ;  dilute  with  a  little  water,  add  hydix>chloric 
acid  in  excess,  and  then  nearly  fill  the  flask  with  clear  sulphui-etted 
hydrogen  water.  Insert  the  stopi>er  and  shake.  If  the  sulphuretted 
hydrogen  is  present  in  excess,  the  precipitation  is  terminated ;  if  not, 
conduct  an  excess  of  sulphuretted  hydrogen  gas  into  the  fluid ;  proceed 
in  all  other  respects  exactly  as  directed  §  127,  4. 

As 75  75-7G 

O, 24  24-24 


99  100-00 


B.   COMPLETE  ANALYSIS    OP    SALTS   IN    THE  GRAVIMETRIC  WAY; 
CALCULATION  OF  THE  PORMULiB  FROM  THE  RESULTS  OBTAINED. 

(§g  802,  203.) 

7.  Carbonate  of  Lime. 

Heat  pure  carbonate  of  lime  in  powder  (no  matter  whether  Iceland 
spar  or  the  artificially  prepared  substance,  see  ^'  Qual.  Anal.,^  Am.  £d., 
p.  83)  gently  in  a  platinum  Crucible. 

a.  Jbeterminatlon  of  TAnie. — Dissolve  in  a  covered  beaker,  about  1 
grm.  in  dilute  hydrochloric  acid,  heat  gently  until  the  carbonic  acid  is 
completely  expelled,  and  dc^termine  the  lime  as  directed  §  103,  2,  6,  a. 

h.  Determination  of  Carbonic  -4ci<^.— Determine  in  about  0*8  grm.  the 
carbonic  acid  after  §  139,  IL,  </,  cc. 

GaO 28  6G-00 

CO, 22  4400 


50  100-00 

8.  Sulphate  op  Copper. 

Triturate  the  pure  crystals*  in  a  porcelain  mortar,  and  press  the  powder 
tn^tween  sheets  of  blotting  ])aper. 

Tl     ■  I  '  I      l~  —         -        -~-  — — -    I  ■--  -  |-       |-   -  II  ^ 

*  [Boil  a  solution  of  commercial  blue  vitriol  with  a  little  pure  binoxide  of  lead 
(we  **  QuoL  Anal,"  Am.  Ed.,  p.  58),  to  aesqaiozidize  the  iron,  then  with  a  littl« 
carbonate  of  baryta,  to  precipitate  it,  filter  and  oiyatallize.  H.  WuuTZ,  Am. 
Jour.  (3),  XXVL  'A^7,l 
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€,  Determination  of  Water  of  Crystallization, — 1.  Weigh  off  in  r 
3ru:ible  1 — 2  gnn.  of  the  salt,  and,  having  fii*st  heated  the  air-bath  (Fig. 
22,  p.  39)  so  that  the  thei-mometer  stands  steadily  at  120° — 140°,  intro- 
duce the  einicible,  uncovered,  and  maintain  the  heat  for  two  hours. 
Then  cool  the  crucible  in  a  desiccator  and  weigh.  Heat  again  as  before, 
for  an  hour,  and  weigh.  If  need  be,  i-epeat  the  heating  until  no  more 
loss  occui-s.  The  loss  expresses  the  amount  of  water  expelled  at  the 
temperature  of  140°,  or  four  equivalents.  2.  Raise  the  temperature  of 
the  air-bath  to  between  250° — 260°  and  proceed  as  before.  The  loss  is 
the  one  equivalent  of  strongly  combined  water  of  crystallization,  or,  as 
some  term  it,  water  of  ludhydration, 

h.  Determination  of  /Sulphuric  Acid. — In  another  portion  of  the  sul  • 
phate  of  copper  (about  1*5  gi'm.)  determine  the  sulphuric  acid  according 
to  §  132,  I.,  1. 

d,  DetermiTiation  of  Oxide  of  Copjier, — In  about  1*5  gi*m.  determine 
the  oxide  of  copj)er  as  directed  §  119,  1,  a,  a. 

CuO 39-70  31-83 

SO, 40-00  32-08 

HO 9-00  7-22 

4aq 3600  28-87 

124-70  100-00 

9.  Crystallized  Phosphate  op  Soda. 

a.  Determination  of  the  Water  of  Crystidlization. — Heat  about  1 
grm.  of  the  pure  uneffloresced  salt  in  a  platinum  ci-ucible,  slowly  and 
moderately,  first  in  the  water-bath,  then  in  the  aii*-bath,  and  finally  some 
distance  above  the  lamp  (not  to  visible  redness) ;  the  loss  of  weight  givt»s 
the  amount  of  water  of  crystallization. 

6.  Detei'mination  of  tlie  Water  of  Constitution, — Ignite  the  residue 
of  a. 

c.  Determination  of  Phosphoric  Acid, 

a.  Treat  1*5 — 2  grm.  of  the  salt  as  directed  §  134,  5,  a. 

13.  Treat  about  1  grm.  of  the  salt  after  8  134,  c. 

y.  Treat  about  0*2  grm.  of  the  salt  as  dn*ected  §  134,  6,  /3. 
I  recommend  the  student  to  perform  the  determination  by  each  of 
these  methods,  as  they  are  all  in  common  use  in  the  analytical  laboi-a- 
tory. 

d,  Detei'mination  of  Soda. — Ti-eat  about  1*5  gnn.  of  the  salt  according 
to  §  135,  a,  a.  After  the  excess  of  lead  has  been  separated  with  hydi-o- 
Bulphuric  acid,  the  fluid  Ls  to  be  evaporated  to  dryness  and  weighed  in  a 
platinum  dish ;  comp.  §  69,  6,  and  §  98,  2. 

PO« 71-00  19-83 

2NaO 62-00  17-32 

HO 9-00  2-51 

24aci 216-00  60-34 

358-00  100-00 

10.  Chloride  of  Silver. 
Ignite  pure  fused  chloride  of  silver  in  a  stream  of  pure  dry  hydrogen 
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till  complete  decomposition  is  effected ,  and  weigh  the  silver  obtained. 
The  ignition  may  be  performed  in  a  light  bulb  tube,  or  in  a  porcelaiii 
boat  in  a  glass  tube,  or  in  a  porcelain  crucible  with  perforated  cover 
(§  115,  4). 

The  chlorine  may  be  in  this  case  estimated  bj  difference ;  if  you  want 
to  determine  it  directly,  proceed  as  directed  §  141,  II.,  b. 

Ag.... 107-97  75-28 

CI 35-46  24-72 


143-43  100-00 

11.  Sulphide  of  Mercury. 

Beduce  to  a  fine  powder,  and  dry  at  100°. 

a.  Determination  of  jSvlphur, — Treat  about  0*5  grm.,  as  directed  §  1418, 
/?,  p.  326,  using  nitric  acid  and  chlorate  of  potassa.  Precipitate  witli 
chloride  of  barium,  and  after  decanting  the  clear  liqmd  into  a  filter,  boil 
the  sulphate  of  bai*yta  twice  with  dilute  solution  of  acetate  of  ammonia, 
and  finally  wash  with  hot  water. 

b.  Detei-mination  of  Mercury, — Dissolve  about  0*5  grm.  as  before, 
dilute,  and  allow  to  stand  in  a  moderately  warm  place  until  the  smell  of 
chlorine  has  nearly  gone  off;  filter  if  necessary,  add  ammonia  in  excess, 
heat  gently  for  some  time,  add  hydrochloric  acid  until  the  white  pre- 
cipitate of  chloride  of  mercury  and  amide  of  mercury  is  i-edissolved,  and 
treat  the  solution,  which  now  no  longer  smells  of  chlorine,  as  directed 
§  118,  3. 

Hg 100.00  86-21 

S 16-00  13-79 


116-00  100-00 

12.  Crystallized  Sulphate  op  Lime. 

Select  clean  and  pure  crystals  of  selenite,  triturate,  and  dry  under  the 
desiccator  (§  27). 

tt.  Determination  of  Water, — After  §  35,  a,  a, 

6.  Determination  of  Sulphuric  Acid  and  Dim^  (§  132,  H.,  5,  a). 

CaO 28  32-56 

SOs 40  46-51 

2aq 18  20-93 

86  100-00 


0.  SEPAKATION  OP  TWO  BASES  OH  TWO  ACIDS  FROM  EACH  OTHEB, 
AND  DETERMINATIONS  IN  THE  VOLUMETRIC  WAY. 

13.  Separation  op  Iron  from  Makoanese. 

Dissolve  in  hydrochloric  acid  about  0  2  grm.  fine  pianoforte  wire,  and 
about  the  same  quantity  of  ignited  protosesquioxide  of  manganese  (pre- 
pared as  directed  §  109,  1  tt);  heat  with  a  little  nitric  acid,  and  separate 
the  two  metals  by  means  of  acetate  of  soda  (p,  363, 70).  Determine  the 
manganese  as  directed  §  109,  3. 
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1 4   Volumetric  Determination  of  Iron  by  Solution  of 

Permanganate  of  Potassa. 

a.  Chaduatioji  of  the  Solution  of  Permanganate  of  Potassa, 

a.  By  metallic  iron  (fine  piano  wire).  0*2  grm.  to  be  dissolved  in 
dilute  sulphuric  acid  (p.  194).  Use  the  iron  wire,  a  portion  of  which  hafl 
been  analyzed  in  Exercise  2,  and  correct  for  impurities  accordingly. 

i8.  By  oxalate  of  ammonia.  0*2 — 0*3  grm.  to  be  weighed  oflf  (p. 
196). 

6.  Determination  of  the  Protoxide  of  Iron  in  douMe  SidpJiaie  of 
Protoxide  of  Iron  and  Ammonia, 

a.  In  solution  acidified  with  sulphuric  acid  (p.  197,  J3). 

3.  In  solution  acidified  with  hydrochloric  acid  (p.  198,  note). 

The  formula  requires  18*37  per  cent,  of  Fe  O. 

c.  Determination  of  Hie  Iron  in  a  lAmonite, 

Powder  finely,  dry  at  100°,  weigh  ofi*  2  grm.,  heat  with  strong  hydro 
chloric  acid  till  the  sesquioxide  of  iron  is  completely  dissolved,  dilute, 
filter,  make  the  solution  up  to  200  c.  c,  and  mix.     In  20  c.  c.  of  this  so- 
lution determine  the  iron  after  §  113,  3,  a,  p.  203.     Reserve  half  of  the 
solution  for  the  next  exercise  (see  also  p.  524). 

15.   Volumetric  Determination  of  Iron  with  Hyposulphite  of 

Soda. 

a.  Ghaduation  of  tJie  Solution  of  Hyposidphite  of  Soda, 

a.  By  solution  of  sesquichloride  of  iron  (p.  204). 
fi.  By  ammonia-iron-alum  (p.  204). 

h.  Determination  of  Iron  in  LiTnonite, 

Use  20  c.  c.  of  the  solution  obtained  in  Exercise  14,  c,  after  making 
mire  that  the  iron  all  exists  in  the  state  of  sesquioxide  (see  p.  192,  1,  a.) 

16.  Determination  of  Nitric  Acid  in.  Nitrate  of  Potassa. 

Heat  pure  nitre,  not  to  fusion,  and  transfer  it  to  a  tube  provided  with 
a  cork. 

a.  Treat  0*5  grm.  as  directed  p.  329,  0, 

b.  In  0*2  to  0*3  grm.,  estimate  nitric  acid  according  to  p.  330,  cf,  a. 

KO 47-11 46-59 

NO, 5400 53-41 

lOMl 100-00 

17.  Separation  of  Magnesia  from  Soda. 

Dissolve  about  0*4  grm.  pure  recently  ignited  magnesia*  and  about 
0*5  grm.  pure  well-dried  chloride  of  sodium  in  dilute  hydrochloric  acid 

*  This  may  be  prepared  according  to  19^  p.  845. 
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(avoiding  a  large  excess) ,  and  separate  with  oxalic  acid,  after  p.  345, 

16. 

18.  Separation  op  Potash  from  Sopa. 

Triturate  ciystallized  tartrate  of  potassa  and  soda  (Roclielle  salt), 
press  between  blotting  pai)er,  weigh  oft*  about  1*5  grm.,  heat  in  a  plati- 
num crucible,  gently  at  first,  then  for  some  time  to  gentle  ignition.  The 
carbonaceous  residue  is  first  extracted  with  water,  finally  with  dilute 
hydrochloric  acid,  the  acid  fluid  is  evaporated  in  a  weighed  platinum 
dish,  and  the  chloiidcs  are  weighed  together  (g  97, 3).  Then  sei>arato 
them  by  bichloride  of  platinum  (p.  339,  1),  and  calculate  from  the 
results  the  quantities  of  soda  and  potassa  severally  contained  in  the 
Rochelle  salt. 

KO 47-11 16-70 

NaO 31-00 10-99 

CgHAo 132-00 46-79 

8  aq 72-00 25-52 


282-11  100-00 

19.  Volumetric  Determination  of  Chlorine  in  Chlorides. 

a.  Preparation  and  examination  of  the  solution  of  nitrate  of  silver 
(§  141.  I.,  h.  a). 

h.  Indirect  determination  of  the  soda  and  potassa  in  Rochelle  salt,  by 
volumetric  estimation  of  the  chloi-ine  in  the  alkaline  chlorides  prepared 
as  in  No.  18.     For  calculation,  see  §  197,  a  (p.  465). 

20.  Separation  of  Zinc  from  Cadmium. 

Dissolve  in  hydrochloric  acid  about  0*4  gi*m.  of  pure  oxide  of  cad- 
mium, and  about  the  same  quantity  of  pure  oxide  of  zinc,  both  recently 
ignited,  and  separate  the  metals  as  directed  p.  376,  05- 

21.   ACIDIMETRY. 

a.  Preparation  of  standard  sulphuric  acid  and  solution  of  soda. 
(§  204,  a.)  pp.  490-493. 

h.  Determination  of  acid  in  hydrochloric  acid,  by  the  specific  gravity 
(p.  487). 

c.  Determination  of  acid  in  the  same  hydrochloric  acid,  by  an  alkaline 
fluid  of  known  strength  (p.  494). 

d.  Determination  of  acid  in  colored  vinegar,  by  saturation  with  a 
standard  alkaline  solution.     (Application  of  test  papers,  p.  496.  fi») 

e.  Preparation  of  an  ammoniacal  solution  of  sulphate  of  copper  (§  205)  ; 
determination  of  its  strength  by  normal  sulphuric  acid ;  estimation  of 
the  acid  in  the  hydrochloiic  acid  used  in  c  and  d^  by  means  of  the  cop- 
per solution ;  in  this  latter  process  the  student  may  also  add  to  the 
hydrochloric  acid  some  neutral  sulphate  of  zinc. 

22.  Alkalimetry. 

a.  Preparation  of  the  test  acid  after  Desgroizilles  and  Gay-LubsAiO 
(§  207).      . 
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b,  Yaluatioii  of  a  soda-ash  after  expulsion  of  the  water  by  gentle 
ignition. 

a.  After  Descroizilles  and  Gay-Lussac  (p.  499). 
0.  After  MoHR  (p.  500). 

23.  Determination  of  Ammonia. 

Treat  about  0*8  grm.  chloride  of  ammonium  as  directed  §  99,  3,  a. 

NHjCL.  18-00...  33-G7                NH,....   17-00...  31-80 
a 35-4G...   GC-33  HCl 36-4C...   68-20 


53-4G       100-00  53-46      100-00 

24.   Separation  of  Iodine  from  Chlorine. 

Dissolve  about  0-5  grm.  pure  iodide  of  potassium  and  about  2 — 3 
grm.  pure  chloride  of  sodium  to  250  c.  c,  and  determine  the  iodine  and 
chlorine : — 

a.  In  50  c.  c,  after  8  169,  2,  a  (208).      Calculation  §  198,  c. 

b.  In  50  c.  c,  after  8  169,  2,  b  (204). 

c.  In  10  c.  c,  after  §  169,  2,  c  (205). 


D.  ANALYSIS  OF  ALLOYS,  MINERALS,  INDUSTRIAL  PRO- 
DUCTS,  ETC.,  IN  THE  GRAVIMETRIC  AND  VOLUMETRIC 
WAY. 

25.  Analysis  of  Brass. 

Brass  consists  of  from  25  to  35  per  cent,  of  zinc  and  from  75  to  65 
per  cent,  of  copper.     It  also  contains  usually  small  quantities  of  tin  and. 
lead,  and  occasionally  traces  of  iron.      \ 

Dissolve  about  20  grm.  in  nitric  aci<^  evaporate  on  the  water-bath  to 
dryness,  moisten  the  residue  ^'ith  nitric  acid,  add  some  water,  warm, 
dilute  still  further,  and  filter  off  any  residual  binoxide  of  tin  (§  126,  1, 
a).  Add  to  the  filtrate,  or,  if  the  quantity  of  tin  is  very  inconsidera- 
ble, directly  to  the  solution,  about  20  c.  c.  dilute  sulphuiic  acid ;  evapo- 
rate to  dryness  on  the  water-bath,  add  50  c.  c.  water,  and  apply  heat. 
If  a  residue  remains  (sulphate  of  lead),  filter  it  off,  and  treat  it  as 
directed  §  116,  3.  In  the  filtrate,  separate  the  copper  from  the  zino 
by  hyposulphite  of  soda  (p.  377,  99).  If  the  quantity  of  iron  present 
can  be  determined,  determine  it  in  the  weighed  oxide  of  zinc  (§  160). 

26.  Analysis  of  Solder  (Tin  and  Lead). 

Inti*oduce  about  1*5  grm.  of  the  alloy,  cut  into  small  pieces,  into  a 
fhisk,  treat  it  with  nitidc  acid,  and  proceed  as  directed  p.  391,  I889  to 
effect  the  separation  and  estimation  of  the  tin. 

Mix  the  filtrate  in  a  porcelain  dish  with  pure  dilute  sulphuric  add, 
evaporate  the  nitric  acid  on  the  water  bath,  and  proceed  with  the  sul« 
phate  of  lead  obtained  as  directed  §  116,  3.  Test  the  fluid  filtered  from 
the  sulphate  of  lead  with  sulphuretted  hydrogen  and  sulphide  of  ammo« 
nium  for  the  other  metals  which  the  iJloy  might  contain  b^des  tin 
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and  lead.  The  binoxide  of  tin  may  contain  small  quantitiea  of  iron  oi 
copper ;  it  is  tested  for  these  hj  fusion  "with  carbonate  of  soda  and  sbIf 
phur  (p.  389,  $). 

27.  Analysis  of  ▲  Dolomite. 
See  §  221. 

28.  Analysis  of  Felspab. 

a.  Decomposition  by  carbonate  of  soda  (§  140,  II.,  5.) ;  removal  of  the 
silicic  acid ;  precipitation  of  the  alumina  together  wilii  the  small  quantity 
of  sesquioxide  of  iron  by  ammonia  (in  platinum  or  Berlin  porcelain,  not 
in  glaas  vessels)  after  §  161,  3  (88);  separation  of  baryta,  if  present, 
from  the  filtrate  with  dilute  sulphuric  acid,  and  then  of  lime  with  ox- 
alate of  ammonia,  §  154  (23)*  Finally,  separation  of  the  alumina  from 
the  sesquioxide  of  iron  generally  present  in  small  quantity  (§  160). 

b.  Decomposition  by  Smith's  method,  p.  303.  Separate  the  alka* 
lies  after  §  152, 1. 

c.  Determined  loss  by  ignition. 

29.  Assay  of  a  CALAMimB  ob  Smithbovitb. 

After  §  228. 

Volumetric  determination  of  the  zino. 

30.  Analysis  of  Galena. 

a.  Determination  of  the  sulphur,  lead,  iron,  &c.,  as  directed  §  225. 
6.  Determination  of  the  silver  after  §  226. 

31.  Valuation  of  |^lobide  of  Lime  (§  211). 

a.  After  Penot  (p.  505). 

6.  After  Bunsen  (p.  508). — ^The  solutions  to  be  pi^epared  and  tfa« 
separated  iodine  to  be  determined  as  directed  §  146  (p.  314). 

32.  Valuation  of  Manganese  (§  214). 

a.  After  Fresenius  and  "Will  (p.  509), 
h.  After  Bunsen  (p.  512). 
c.  By  means  of  ii'on  (p.  512). 

33.  Analysis  of  Ounfowbbb. 
After  (p.  514). 

E.  DETERMINATION  OF  THE  SOLUBILITY  OF  SALTS. 

34.  Detebmination  of  the  Degbee  of  Solubility  of 

Common  Salt. 

•.  At  boUinff  heat. — Dissolve  perfectly  pui-e  pulverized  chloride   cjf 
■odium  in  distilled  water,  in  a  flask,  heat  to  boiling,  and  keep  in  ebuUi- 
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doD  until  part  of  the  dissolved  salt  separates.  Filter  the  fluid  now  with 
the  greatest  expedition,  through  a  funnel  surrounded  with  boiling  water 
and  covered  with  a  glass  plate,  into  an  accurately  tared  capacious  mea- 
suring flask.  As  soon  as  about  100  c.  c.  of  fluid  have  passed  into  the 
flask,  insert  the  cork,  allow  to  cool,  and  weigh.  Fill  the  flask  now  up 
to  the  mark  with  water,  and  determine  the  salt  in  an  aliquot  portion  of 
the  fluid,  by  evaporating  in  a  platinum  dish  (best  with  addition  of  some 
chloride  of  ammonium,  which  will,  iu  some  measure,  prevent  decrepita- 
tion); or  by  determining  the  chlorine  (§  141). 

6.  At  14*^. — Allow  the  boiling  saturated  solution  to  cool  down  to  this 
temperature  with  frequent  shaking,  and  then  proceed  as  in  a. 

100  parts  of  water  dissolve  at  109*7° ....  40*35  of  chloride  of  sodium. 
100  "  '«  14°     ....   35-87  "         « 

35.  Determination  op  the  Degree  of  Solubility  of  Sulphate 

OF  Lime. 

«.  At  100°. 

6.  At  12°. 

Digest  pure  pulverized  sulphate  of  lime  for  some  time  with  water,  in 
the  last  stage  of  the  process  at  40 — 60°  (at  which  temperature  sulphate 
of  lime  is  most  soluble) ;  shake  the  mixture  frequently  during  the  pro- 
cess. Decant  the  clear  solution,  together  with  a  little  of  the  precipi- 
tate, into  two  flasks,  and  boil  the  fluid  in  one  of  them  for  some  time ; 
allow  that  in  the  other  to  cool  down  to  12°,  with  frequent  shaking, 
and  let  it  stand  for  some  time  at  that  temperature.  Then  Alter  both 
solutions,  weigh  the  filtrates,  and  determine  the  amount  of  sulphate  ol 
lime  respectively  contained  in  them,  by  evaporating  and  igniting  the 
residues. 

100  parts  of  water  dissolve  at  100°  ....  0*217  of  anhydrous  sulphate  of  lime. 
100'  "  "  12°  ....  0-238  *' 


F.  DETERMINATION  OF  THE   SOLUBILITY  OF   GASES  IN 
FLUIDS,  AND  ANALYSIS  OF  GASEOUS  MIXTURES. 

36.  Detebminatiok  op  the  Absorption-Coefficient  of 

Sulphurous  Acid, 

See  Annal.  d.  Chem.  u.  Pharm.,  voL  95,  page  1 ;  also  §  131,  2. 

37.  Analysis  of  Atmospheric  Aib. 
See  §§  240—242. 

G.  ORGANIC  ANALYSIS  AND  DFTEftMINATIONS  OF  THE 
EQUIVALENTS  OF  ORGANIC  BODIES ;  ALSO  ANALYSES 
IN  WHICH  ORGANIC  ANALYSIS  IS  APPLIED. 

38.  Analysis  of  Tartaric  Acid. 

Select;  clean  and  white  crystals.     Powder  and  dry  at  100^. 
a.  Bum  with  oxide  of  copper  (§§  174 — -175) 

37 
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b.  Bum  with  oxide  of  copper  and  finish  with  oxygen  gas  (§  176). 

c.  Bum  in  oxygen  (§  178). 

C.  48   32 

H, 6   4 

0„ 96   64 


150  100 

39.  Determination  op  the  Nitrogen  in  Crystallized  Ferrocyanide 

OF  Potassium. 

Triturate  the  perfectly  pui-e  crystals,  dry  the  powder  in  the  desiccator 
(§  27),  and  deteimiiie  the  nitrogen  as  directed  §  185.  The  formula  re- 
quL  ^8  19 '87  per  cent,  of  nitrogen. 

40.  Analysis  op  Uric  Acid  (or  any  other  perfectly  pure  organic 
compound  of  cai'bon,  hydi'ogen,  oxygen,  and  nitrogen). 

Dry  pure  uric  acid  at  100®. 

a.  Determination  of  the  carbon  and  hydrogen  (§  183). 

b.  Determination  of  the  nitrogen. 
«.  After  §  185. 

e.  Afber  Dumas  (§  184). 

C» 30 35-71 

N, 28 33-33 

H, 2 2-38 

O, 24 28-58 


84  100-00 

41.  Analysis  op  a  Superphosphate  (§  235). 
42.  Analysis  of  Coal  (§  239). 

43.  Analysis  of  Ether. 

The  portion  employed  must  have  been  rendered  anhydrous  by  diges- 
tion with  fused  chloride  of  calcium  and  recently  rectified. 
Process  §  180. 

Cg   48 64-87 

H,o 10 13-51 

O, 16 21-62 

74  100-00 

44.  Analysis  and  Determination  of  the  Equivalent  of 

Benzoic  Acid. 

a.  Determination  of  the  silver  in  benzoate  of  silver  as  dirt'cted  §  115, 
1  or  4. 

5.  Determination  by  any  suitable  method  of  the  carbon  ai*«<  bydrogefn 
in  the  hydrated  aoitl  dried  at  100°.     Calculation,  §  200. 
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45.  Analysis  axd  Detebminatiok  of  the  Equivalent  of  an  Oaganic 

Base. 

Analysis  of  the  base  and  its  double  salt  with  platinum.     Calculation| 
§200. 

46.  Determination  of  the  Density  of  Camphor  Yapob. 
Method  described  §  191.     Calculation^  201. 

47.  Analysis  of  a  Cast  Ibov. 
After  §  230. 
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ANALYTICAL  EXPERIMENTS.* 

..  Action  of  Wateb  upon  Glass  and  Porcrlain  Vessels,  in  the  Process 
OF  Evaporation  (to  §  41). 

A  larg^e  bottle  was  filled  with  water  cantionfily  distilled  from  a  copper  boiler 
with  a  tin  condensisg  tube.  All  the  experiments  in  1  were  made  with  this 
water. 

a.  300. o.  c,  cantionslj  evaporated  in  a  platinnm  dish,  left  a  residue  weighing, 
after  ignition,  00005  grm.  =0-0017  per  1000. 

b.  600  c.  c.  were  evaporated,  boiling,  nearly  to  diyness,  in  a  wide  flask  of  Bo< 
hemian  glass;  the  residue  was  transferred  to  a  platinum  dish,  and  the  flask 
rinsed  with  100  a  c.  distilled  water,  which  was  added  to  the  residue  in  the 
dish ;  the  fluid  in  the  latter  was  then  evaporated  to  dryness,  and  the  residue 
ignited. 

The  residue  weighed • 0*0104  grm. 

Deducting  from  this  the  quantity  of  fixed  matter  originally  con- 
tained in  the  distilled  water,  viz 0*0012 


n 


There  remains  substance  taken  up  from  the  glass 0*00913    *' 

=0  0153  per  1000. 

In  three  other  experiments,  made  in  the  same  manner,  300  c.  c.  left,  in  two 
O^KMO  grm.,  in  the  third  0*0037  grm.;  which,  calculated  for  600  c.  c,  gives  an 

average  of 0*0090  grm. 

And  after  a  deduction  of 0*0012     " 

00078    " 
=0*013  per  1000. 

We  may  therefore  assume  that  1  litre  of  water  dissolves,  when  boiled  down 
to  a  small  bulk  in  glass  vessels,  about  14  milligrammes  of  the  constituents  of 
the  glass. 

c.  600  c.  c.  were  evaporated  nearly  to  diyness  in  a  dish  of  Berlin  porcelain,  and 
in  all  other  respects  treated  as  in  6. 

The  residue  weighed 0*0015  grm. 

Deducting  from  this  tibie  quantity  of  fixed  matter  contained  in 
the  distiUed  water,  viz 0*0012    " 

There  remains  substance  taken  up  from  the  porcelain 0*0003     " 

=0*0005  per  1000. 

2.  Action  of  Hydrochloric  Acid  upon  Glass  and  Porcelain  Vessels, 
IN  THE  Process  of  Evaporation  (to  §  41). 

The  distilled  water  used  in  1  was  mixed  with  ^  of  pure  hydrochloric  acid. 

a.  300  grm.,  evaporated  in  a  platinum  dish,  left 0*002  grm.  residue. 

b.  800  grm.,  evaporated  first  in  Bohemian  glass  nearly  to  diyness,  then  in  a 
platinum  dish,  left  0*0019  residue;  the  dilute  hydrochloric  acid,  therefore,  had 
not  attacked  the  glass. 

c.  300  grm.  evaporated  in  Berlin  porcelain,  &a,  left  0*0036  grm.,  accordingly 
after  deducting  0*002,  0-0016=0*0a53  per  1000. 


^•- 


•  The  eoqpeajmento  are  nnmbered  as  in  the  original  edition,  bat  «<nne  are  omitted. 
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<f.  In  a  Becond  experiment  made  in  the  same  manner  ob  in  c,  the  residue 
amounted  to  0  0084,  accordingly  after  deducting  0  002,  0*0014=0  0047  per 
1000. 

Hydrochloric  acid,  therefore,  attacks  glass  much  less  than  water,  whilst 
porcelain  is  about  equally  affected  by  water  and  dilute  hydrochloric  acid.  This 
shows  that  the  action  of  water  upon  glass  consists  in  the  formation  of  solnbla 
basic  silicates. 

3.  Action  op  Solution  op  Chloride  op  Ammonium  upon  Glass  and 
Porcelain  Vessels,  en  the  Process  op  Evaporation  (to  §  41). 

In  the  distilled  water  of  1,  -jV  of  chloride  of  ammonium  was  dissolved,  and  the 
solution  filtered. 

a.  300  c.  c.  evaporated  in  a  platinum  dish,  left  0*006  grm.  fixed  residue. 

b.  300  c.  c. ,  evaporated  first  nearly  to  dryness  in  Bohemian  glass,  then  to  dry- 
ness in  a  platinum  dish,  left  0*0179  grm.;  deducting  from  this  0  006  grm.,  there 
remains  substance  taken  up  from  the  glass,  0*0110=0*0397  i)er  1000. 

c.  300  c.  c,  treated  in  the  same  manner  in  Berlin  porcelain,  left  0*0178;  de- 
ducting from  this  0*006,  there  remains  0*0118=00893  per  1000. 

Solution  of  chloride  of  ammonium,  therefore,  strongly  attacks  both  glass  and 
porcelain  in  the  process  of  evaporation. 

4.  Action  op  Solution  op  Carbonate  op  Soda  upon  Glass  and  Porce- 
lain Vessels  (to  §  41). 

In  the  distilled  water  of  1,  iV  of  pure  crystalliKed  carbonate  of  soda  was 
dissolved, 

a.  300  c.  c,  supersaturated  with  hydrochloric  acid  and  evaporated  to  dryneiia 
in  a  platinum  dish,  Ac,  gave  0*0026  grm.  silicic  acid =0*0087  per  1000. 

b.  300  c.  c.  were  gently  boiled  for  three  hours  in  a  glass  vessel,  the  evaporat- 
ing water  being  replaced  from  time  to  time ;  the  tolerably  conoentrated 
liquid  was  then  treated  as  in  a;  it  left  a  residue  weighing  0-1376  grm. ;  de- 
ducting from  this  the  0*0026  grm.,  left  in  a,  there  remains  0*135  grm.  =0*450 
per  1000. 

6.  300  c.  c,  tieated  in  the  same  manner  as  in  d,  in  a  por  elain  vessel,  left 
0-0099;  deducting  from  this  0*0026  grm.,  there  remains  0-0073=0'0243  per 
1000. 

Which  shows  that  boiling  solution  of  carbouato  of  soda  attacks  glass  very 
strongly,  and  porcelain  also  in  a  very  marked  manner. 

5.  Water  Distilled  prom  Glass  Vessels  (to  §  56, 1). 

42*41  grm.  of  water  distilled  with  extreme  caution  from  a  tall  fiask  with  a 
Liebig^s  condenser,  left,  upon  evaporation  in  a  platinum  dish,  a  residue  weigh- 
ing, after  ignition,  0*0018  grm.,  consequently  y^i^. 

6.  Sulphate  op  Potash  and  Alcohol  (to  §  68,  a). 

a.  Ignited  pure  sulphate  of  potassa  was  digested  cold  with  absolnte  alcohol, 
for  several  days,  with  frequent  shaking;  the  fiuid  was  filtered  off,  the  filtrate  di- 
luted with  water,  and  then  mixed  with  chloride  of  barium.  It  remained  per- 
fectly clear  upon  the  addition  of  this  reagent,  but  after  the  lapse  of  a  considera- 
ble time  it  began  to  exhibit  a  slight  opalescence.  Upon  evaporation  to  dryness, 
there  remained  a  very  trifling  residue,  which  gave,  however,  distinot  indicatlonB 
ef  the  presence  of  sulphuric  acid. 

b.  The  same  salt  treated  in  the  same  manner,  with  addition  of  some  pare  con- 
centrated sulphuric  acid,  gave  a  filtrate  which,  upon  evaporation  in  a  platinum 
difih,  left  a  clearly  perceptible  fixed  residue  of  sulphate  of  potassa. 

7.  Deportment  op  Chloride  op  Potassium  in  the  Ajr  and  at  a  High 
Temperature  (to  §  68,  b), 

0*9727  grm.  of  ignited  (not  fused)  pure  chloride  of  potassium,  heated  for  10 
minutes  to  dull  redness  in  an  open  platinum  dish,  lost  0'0007  grm.  ;  the  salt  waa 
then  kept  for  10  minutes  longer  at  the  same  temperature,  when  no  further  dimi- 
nution of  weight  was  obscr^'ed.     Heated  to  blight  redness  and  semi-fusion,  the 
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Bait  Bnffered  a  farther  loss  of  weight  to  the  extent  of  0*0000  grm.     Ignitevl  in- 
tensely and  to  perfect  fusion,  it  lost  0*0034  grm.^  more. 

Eighteen  honrs^  exposure  to  the  air  produced  not  the  slightest  increase  of 
weight. 

8.     SOLUBILITT  OF    POTA88IO-BICHLORIDB  OP  PLATINUM    IN    ALCOHOL    (tO 

§  68.  c). 

a.  In  absence  of  free  Hydrochloric  Acid. 

a.  An  excess  of  perfectly  pure,  recently  precipitated  potassio-bichloride  of  pla- 
tinum was  digested  for  6  days  at  15 — 20%  with  alcohol  of  97*5  per  cent.,  in  a  stop- 
pered bottle,  with  frequent  shaking.  72*5  grm.  of  the  perfectly  colorless  filtrate 
left  upon  evaporation  in  a  platinum  dish,  a  residue  which,  dried  at  100%  weighed 
0  006  grm.  ;  1  part  of  the  salt  requires  therefore  12083  parts  of  alcohol  of  97*5 
per  cent,  for  solution. 

fi.  The  same  experiment  was  made  with  spirit  of  wine  of  76  per  cent.  The 
filtrate  might  be  said  to  be  colorless ;  upon  evaporation,  slight  blackening  ensued, 
on  which  account  the  residue  was  determined  as  platinum.  75  '5  grm.  yielded 
0008  g^rm.  platinum,  corresponding  to  0  02  gmx  of  the  salt.  One  part  of  the 
salt  dissolves  accordingly  in  8775  parts  of  spirit  of  ^"ine  of  76  per  cent. 

y.  The  same  experiment  was  made  with  spirit  of  wine  of  55  per  cent.  The 
filtrate  was  distinctly  yellowish.  03 '2  grm.  left  0  0241  grm.  platinum,  cor- 
responding to  0*06  grm.  of  the  salt.  One  part  of  the  salt  dissolves  accordingly 
in  1053  parts  of  spirit  of  wine  of  55  per  cent. 

b.  In  presence  of  free  Hydrochloric  Add. 

Becently  precipitated  potassio-bichloride  of  platinum  was  digested  cold  with 
spirit  of  wine  of  76  per  cent. ,  to  which  some  hydrochloric  acid  had  been  added. 
The  solution  was  yellowish;  67  grm.  left  0"0146  grm.  platinum,  which  corre- 
sponds to  0  0365  grm.  of  the  salt.  One  part  of  the  salt  dissolves  accordingly  in 
1835  parts  of  spirit  of  wine,  mixed  with  hydrochloric  add. 

9.  SuLPiiATE  OP  Soda  and  Alcohol  (to  §  69,  a). 

Exi)eriments  made  with  pure  anhydrous  sulphate  of  soda,  in  the  manner  de- 
scribed in  6,  showed  that  this  salt  comports  itself  both  with  pare  alcohol,  and 
with  alcohol  containing  sulphuric  acid,  exactly  like  the  sulphate  of  potassa. 

10.  Depoktment  of  ignited  Sulphate  op  Soda  in  the  Air  (to  §  69,  a). 

2*5169  grm.  anhydrous  sulphate  of  soda  were  exposed,  in  a  watch-glass,  to  the 
open  air  on  a  hot  summer  day.  The  first  few  minutes  passed  without  any  in- 
crease of  weight,  but  after  the  lapse  of  5  hours  there  was  an  increase  of  0'006l 
grm. 

12.  Deportment  op  Chloride  of  Sodium  in  the  Air  (to  §  69,  b), 

4*3281  grm.  of  chemically  pure,  moderately  ignited  (not  fused)  chloride  of 
sodium,  which  had  been  cooled  under  a  bell-glass  over  sulphuric  acid,  acquired 
during  45  minutes'  exposure  to  the  (somewhat  moist)  air,  an  increase  of  weight 
of  00009  grm. 

13.  Deportment  op  Chloride  op  Sodium  upon  Ignition  by  itself  and 
TyiTH  Chloride  op  Ammonium  (to  §  69,  b\ 

4*3281  grm.  chemically  pure,  ignited  chloride  of  sodium  were  dissolved  in 
water,  in  a  moderate-sized  platinum  dish,  and  pure  chloride  of  ammonium  was 
added  to  the  solution,  which  was  then  evaporated  and  the  residue  gently  heated 
until  the  evolution  of  chloride  of  ammonium  fumes  had  apparently  ceased.  The 
residue  weighed  4*3334  grm.  It  was  then  very  gently  ignited  for  about  2  min- 
utes, and  after  this  re- weighed,  when  the  weight  was  found  to  be  4*3314  grm. 
A  few  minutes'  ignition  at  a  red  heat  reduced  the  weight  to  4*3275  grm.,  and  2 
minutes'  further  ignition  at  a  bright  red  heat  (upon  which  occasion  white  fumes 
were  seen  to  escape),  to  4*3249  grnu 

14.  Deportment  of  Carbonate  op  Soda  in  the  Air  and  on  Ignition  (to 
§  69,  c). 

2*100  grm.  of  moderately  ignited  chemically  pure  carbonate  of  soda  were  ex* 
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posed  to  the  air  ui  an  open  platinum  dish  in  July  in  bod  weather ;  after  10  mb* 
ni^a  the  weight  was  2*1078.  after  1  hour  21118,  after  5  hours  2*1257. 

1*4212  grm.  of  moderately  ignited  chemically  pure  carbonate  of  soda  were  ig- 
nited for  5  minutes  in  a  oovered  platinum  crucible ;  no  fusion  took  place,  and  the 
weight  was  unaltered.  Heated  more  strongly  for  5  minutes,  it  partially  fused, 
and  then  weighed  1  '4202.  After  being  kept  fusing  for  5  n.  mutes,  it  weighed 
14135. 

15.  Deportment  of  Chloridb  of  Ammonium  upon  Evaporation  and 
Drying  (to  §  70,  a). 

0'5625  grm.  pure  and  perfectly  diy  chloride  of  ammonium  was  dissolved  in 
water  in  a  platinum  dish,  evaporated  to  dryness  in  the  water-bath  and  completely 
dried  ;  the  weight  wati  now  found  to  be  0  5622  grm.  (ratio  100  :  99  94).  It  waa 
again  heated  for  15  minutes  in  the  water-bath,  and  afterwards  re-weighed,  when 
the  weight  was  found  to  be  0  5612  grm.  (ratio  100  :  99*77).  Exposed  once  more 
for  15  minutes  to  the  same  temperature,  the  residue  weighed  0*5608  grm.  (ratio 
100;  99  69). 

16.  SoiiUBiLiTT   OF   Ammonio -Bichloride   of  Platinum   in   Alcohol 

(to  §  70,  b). 

a.  In  absence  of  free  Hydrochtorie  Add. 

a.  An  excess  of  perfectly  pure,  recently  precipitated  ammonio-bichloride  of 
platinum  was  digested  for  6  days,  at  15 — 20",  with  ^cohol  of  97*5  per  cent.,  in  a 
stoppered  bottle,  with  frequent  agitation. 

74*3  grm.  of  the  perfectly  colorless  filtrate  left,  upon  evaporation  and  ignition 
in  a  platinum  dish,  G  0012  grm.  platinum,  corresponding  to  0  0028  of  the  saltw 
One  part  of  the  salt  requires  accordingly  26535  parts  of  alcohol  of  97*5  per  cent. 

/''.  The  same  exf/eriment  was  made  with  spirit  of  wine  of  76  per  cent.  The 
nitrate  was  distinctly  j'ellowish. 

81*75  grm.  left  00257  platinum,  which  corresponds  to  0  0584  grm.  of  the  salt. 
One  part  of  the  salt  dissolves  accordingly  in  1406  parts  of  spirit  of  wine  of  76  per 
cent. 

y.  The  same  experiment  was  made  with  spirit  of  wine  of  55  per  cent.  The 
filtrate  was  distinctly  yellow.  Slight  blackening  ensued  upon  evaporation,  and 
56-5  grm.  left  0  0364  platinum,  which  corresponds  to  008272  grm.  of  the  salt. 
Consequently,  1  part  of  the  salt  dissolves  in  665  parts  of  spirit  of  wine  of  55  per 
cent 

b.  In  presence  of  Hpdroddoric  Add. 

The  experiment  described  in  0  was  repeated,  with  this  modification,  that  some 
hydrochloric  acid  was  added  to  the  spirit  of  wine.  76*5  grm.  left  0  0501  grm. 
of  platinum,  which  corresponds  to  0*1139  grm.  of  the  ealt.  672  parts  of  the 
acidified  spirit  had  therefore  dissolved  1  part  of  the  salt. 

17.  Solubility  of  Carbonate  of  Baryta  in  Water  (to  §  71,  b). 

a.  In  Cold  Water. — Perfectly  pure,  recently  precipitated  Ba  O,  C  Oj  was  di- 
gested for  5  days  with  water  of  16 — 20'',  with  frequent  shaking.  The  mixture 
was  filtered,  and  a  portion  of  the  filtrate  tested  with  sulphuric  acid,  another  por- 
tion  with  ammonia  ;  the  former  reagent  immediately  produced  turbidity  in  the 
fluid,  the  latter  only  after  the  lapse  of  a  considerable  time.  84*82  grm.  of  the 
solution  left,  upon  eTaporation,  0-0060  Ba  O,  C  O3.  1  part  of  that  s^t  dissolves 
consequently  in  14137  parts  of  cold  water. 

b.  In  Hot  Water. — The  same  carbonate  of  baryta  being  boiled  for  10  minutes 
with  pure  distilled  water,  gave  a  filtrate  manifesting  the  same  reactions  as  that 
prepared  with  cold  water,  and  remaining  perfectly  clear  upon  cooling.  84*83 
gfrm.  of  the  hot  solution  left,  upon  evaporation,  0  0055  grm.  of  carbonate  of  ba- 
ryta.    One  part  of  that  salt  dissolves  therefore  in  15421  parts  of  boiling  water. 

18.  SoLUBn,iTY  OF  Carbonate  of  Baryta  in  Water  containing  Ammonla 
and  Carbonate  of  Ammonia  (to  §  71,  b). 

A  solution  of  chemically  pure  chloride  of  barium  was  mixed  with  ammonia  and 
carbonate  of  ammonia  in  excess,  gently  heated  and  allowed  to  stand  at  rest  for  12 
hours ;  the  fluid  was  then  filtered  off ;  the  filtrate  remained  perfectly  clear  upon 
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iuci(!ition  of  sulphnric  acid ;  bat  after  the  lapse  of  a  very  considerable  time,  a 
hardly  perceptible  precipitate  separated.     84*82  grm.  of  the  filtrate  left,  upon 
eyaporation  in  a  small  platinum  dish,  and  subsequent  gentle  ignition,  0*0006  gnu 
1  part  of  the  salt  had  consequently  dissolved  in  141000  parts  of  the  fluid 

19.  Solubility  of  Silico-Fluoride  of  Barium  in  Water  (to  §  71,  c). 

a.  Hecently  precipitated,  thoroughly  washed  silioo-Huoride  of  barium  was  di- 
gested for  4  days  in  cold  water,  with  frequent  shaking ;  the  fiuid  was  then  filtered 
off,  and  a  portion  of  the  filtrate  tested  with  dilute  sulphuric  acid,  another  portion 
with  solution  of  sulphate  of  lime  ;  both  reagents  proauced  turbidity — the  former 
immediately,  the  latter  after  one  or  two  seconds — precipitates  separated  from 
both  portions  after  the  lapse  of  some  time.  84*82  grm.  of  the  filtrate  left  a  resi- 
due which,  after  being  thoroughly  dried,  weighed  0  0238  grm.  1  part  of  the  salt 
had  consequently  required  8802  parts  of  cold  water  for  its  solution. 

b.  A  portion  of  another  sample  of  recently  precipitated  silico- fluoride  of  barium 
was  h^'ated  with  water  to  boiling,  and  the  solution  allowed  to  cool  (upon  which  a 
portion  of  the  dissolved  salt  separated*.  The  cold  fluid  was  left  for  a  consider- 
able time  longer  in  contact  with  the  undissolved  salt,  and  was  then  filtered  off. 
The  filtrate  showed  the  same  deportment  with  solution  of  sulphate  of  lime  as 
that  of  a.  84*82  grm  of  it  left  0  025  grm.  One  part  of  the  salt  had  accordingly 
dissolved  in  3302  parts  of  water. 

20.  Solubility  op-  Silico-Fluoride  ok  Barfu-m  m  Water  acidifieu 
with  Hydrochloric  Acid  (to  §  71,  c). 

a.  Recently  precipitated  pure  silico-fluoride  of  barium  was  digested  with  fre- 
quent agit  ition  for  3  weeks  with  cold  water  acidified  with  hydrochloric  acid. 
The  filtrate  gave  with  sulphuric  acid  a  rather  copious  precipitate.  84  83  grm . 
left  0  1155  grm.  of  thoroughly  dried  residue,  which,  calculated  as  silico-fluoride 
of  barium,  gives  783  parts  of  fluid  to  1  part  of  that  salt. 

b,  Recenfiy  precipitated  pure  silico-fluoride  of  barium  Was  mixed  with  water 
very  slightly  acidified  with  hydrochloric  aciii,  and  the  mixture  heated  to  boiling. 
Cooled  to  12^  84*82  grm.  of  the  filtrate  left  a  residue  of  0  1322  gnu. ,  which  gives 
640  parts  of  fluid  to  1  part  of  the  salt. 

N.B.  The  solution  of  silico-fiuoride  of  barium  in  hydrochloric  acid  is  not  effect- 
ed without  decompoftition  ;  at  least,  the  residue  contained,  even  after  ignition, 
a  rather  large  proportion  of  chloride  of  barium. 

21.  Solubility  of  Sulphate  of  Stbontia  in  Water  (to  §  72,  a), 

a.  In  Water  of  14^ 

84*82  grm.  of  a  solution  prepared  by  4  days'  digestion  of  recently  precipitated 
sulphate  of  strontia  with  water  at  the  common  temperature,  left  0  0 123  grm.  of 
sulphate  of  strontia.  One  part  of  Sr  O,  S  O3  dissolves  consequently  in  0805 
parts  of  water. 

b.  In  Water  of  100'. 

84 '82  grm.  of  a  solution  prepared  by  boiling  recently  precipitated  sulphate  of 
strontia  several  hours  with  water,  left  0*0088  grm.  Consequently  1  part  of  Sr  O, 
S  0|  dissolves  in  9638  parts  of  boiling  water. 

22.  Solubility  of  Sulphate  of  Strontia  in  Water  containing  Hydro-. 
CHLORIC  Acid  and  Sulphuric  Acid  (to  §  72,  a), 

.  a.  84*82  grm.  of  a  solution  prepared  by  8  days'  digestion,  left  0*0077  grm. 
8rO,  8  0,. 

b,  42*41  grm.  of  a  solution  prepared  by  4  days'  digestion,  left  0*0036  grm. 

0.  Pure  carbonate  of  strontia  was  dissolved  in  an  excess  of  hydrochloric  acid, 
and  the  solution  precipitated  with  an  excess  of  sulphuric  acid  and  then  allowed 
fco  stand  in  the  cold  for  a  fortnight.     84*82  grm.  of  the  filtrate  left  00066  grm. 

In  a.  1  part  of  Sr  O,  S  O3  required  11016  parts. 

b.  1  "  **  11780      ** 

c.  1  **  **  12791      " 


Mean 11862  parts. 
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23.  SoLUBiiirPT  OP  SuLrnATK  op  Strontia  in  DrLUTE  Nitric  Acm, 
Hyduochloric  Acid,  and  Acetic  Acid  (to  §  72,  a), 

a.  Recently  precipitated  pure  milphate  of  strontia  was  digested  for  2  days  in 
the  cold  with  nitric  acid  of  4 '8  per  cent  150  grm.  of  the  filtrate  left  0'3451  grm. 
1  part  of  the  salt  reqnired  accordingly  435  parts  of  the  dilute  add  for  its  solution  { 
in  another  experiment  1  part  of  the  salt  was  found  to  require  429  parts  of  th6 
dilute  acid.     Mean,  432  parts. 

b.  The  same  salt  was  digested  for  2  days  in  the  cold  with  hydrochloric  acid  of 
8-5  per  cent.  100  grm.  left  0  2115.  and  in  another  experiment.  0*2104  grm.  1 
part  of  the  salt  requires,  accordingly,  in  the  mean,  474  parts  of  hydrochloric 
acid  of  8 '5  per  cent,  for  its  solution. 

c.  The  same  salt  was  digested  for  2  days  in  the  cold  with  acetic  aeid  of  15  "6 
percent.  A,  H  0.  100  grm.  left  0  012ft,  and  in  another  experiment,  0'0129  grm. 
1  part  of  the  salt  requires,  accordingly,  in  the  mean,  7843  parts  of  acetic  acid  of 
15 "6  percent. 

24.  Soi.UBTi.iTY  OP  Carbonate  op  Strontia  in  Cold  Water  (to  §  72,  ft). 

Recently  precipitated,  thoroughly  washed  Sr  O,  C  O2  was  digested  seyeral 
days  with  cold  distilled  water,  with  frequent  shaking.  84 '82  grm.  of  the  filtrate 
left,  upon  evaporation,  a  residue  weighing,  after  ignition,  0*0047  grm.  1 
part  of  carbonate  of  strontia  requires  therefore  18045  parts  of  water  for  its 
solution. 

25.  Solubility  op  Carbonate  op  Strontia  m  Water  gontainino 
AiofONiA  and  Carbonate  op  Ammonia  (to  §  72,  b). 

Recently  precipitated,  thoroughly  washed  carbonate  of  strontia  was  digested 
for  four  weeks  with  cold  water  containing  ammonia  and  carbonate  of  ammonia, 
with  frequent  shaking.  84-82  grm.  of  the  filtrate  left  0-0015  grm.  Sr  O,  C  0«. 
Consequently,  1  part  of  the  salt  requires  50545  parts  of  this  finid  for  its  solution. 

If  solution  of  chloride  of  strontium  is  precipitated  with  carbonate  of  ammonia 
and  ammonia  as  directed  §  102.  2,  a,  sulphuric  acid  produces  no  turbidity  in  the 
filtrate,  after  addition  of  alcohol. 

26.  Solubility  op  Carbonate  op  Limb  m  Cold  and  in  Boilino  Water 
(to  §  '33,  b). 

a.  A  solution  prepared  by  boiling  as  in  26,  6,  was  digested  in  the  cold  for  4 
weeks,  with  frequent  agitation,  with  the  undissolved  precipitate.  84*82  grm. 
left  0-0080  Ca  O,  C  O,.     1  part  therefore  required  10601  parts. 

b.  Recently  precipitated  Ca  0.  CO]  was  boiled  for  some  time  with  distilled 
water.  42*41  grm.  of  the  filtrate  left,  upon  evaporation  and  gentle  ignition  of 
the  residue,  00048  Ca  O,  C  Oj.  1  part  requires  Consequently  8834  parts  of 
boiling  water. 

27.  Solubility  op  Ca  O.  C  Oj  in  Water  containino  Ammonia  and  Carbq- 
NATE  OP  Ammonia  (to  §  73,  b). 

Pure  dilute  solution  of  chloride  of  calcium  was  precipitated  with  carbonate  of 
ammonia  and  ammonia,  allowed  to  stand  24  hours,  and  then  filtered.  84*82  grm. 
;eft0"0013grm.  Ca  O,  0  O2.     1  part  requires  consequently  65246  parts. 

28.  Deportment  op  Carbonate  op  Lime  upon  Ignition  in  a  Platxnitic 
Crucible  (to  §  73,  b), 

0'7955  grm.  of  perfectly  dry  carbonate  of  lime  was  exposed,  in  a  small  and 
thin  platinum  crucible,  to  the  gradually  increased,  and  finally  most  intense  heat, 
of  a  good  Berzelius*  lamp.  The  crucible  was  open  and  placed  obliquely.  After* 
the  first  15  minutes  the  mass  weighed  0*6482 — after  half  an  hour  06256 — after  one 
hour  0*5927,  which  latter  weight  remained  unaltered  after  15  minutes^  additional 
heating.  This  corresponds  to  74*5  per  cent.,  whilst  the  proportion  of  lime  in 
the  carbonate  is  calculated  at  56  per  cent.  ;  there  remained  therefore  evidently 
still  a  considerable  amount  of  the  carbonic  acid. 

29.  Composition  op  Oxalate  op  Lime  dried  at  100"  (to  §  73,  c). 

0*8510  grm.  of  thoroughly  dry  pure  carbonate  of  lime  was  dissolved  in  hydro- 
chloric acid  :  the  solution  wfus  precipitated  with  oxalate  of  ammonia  and  am- 
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monia,  and  the  precipitate  collected  upon  a  weig'hed  filter  and  dried  at  lOO**, 
until  the  weight  remained  constant.  The  oxalate  of  lime  so  produced  weighed 
1  '2461  grm.  Calculating  this  as  Ca  O.  C^  Og+aq..,  the  amount  found  contiuned 
0*4772  Oa  O,  which  corresponds  to  56  07  per  cent  in  the  carbonate  of  lime ;  the 
calculated  proportion  of  lime  in  the  latter  is  56  per  cent. 

30.  Deportment  of  Sulphate  of  Magnesia  in  the  Air  and  upon  Ioni 
TioN  (to  §  74,  a). 

0'8185  grm.  of  perfectly  pure  anhydrous  Mg  O,  S  Oa  in  a  covered  platinum  cm 
cible  acquired,  on  a  fine  and  warm  day  in  June,  in  half  an  hour,  an  increase  of 
weight  of  0*004  grm..  and  in  the  course  of  12  hours,  of  0  067  grm.     The  salt 
could  not  be  accurately  weighed  in  the  open  crucible,  owing  to  continual  increase 
of  weight. 

0'8185  grm.,  exposed  for  some  time  to  a  very  moderate  red  heat,  suffered  no 
diminution  of  weight ;  but  after  5  minutes^  exposure  to  an  intense  red  heat,  the 
substance  was  found  to  have  lost  0*0075  grm.,  and  the  residue  gave  no  longer  a 
clear  solution  with  water.  About  0  2  grm.  of  pure  sulphate  of  magnesia  ex- 
posed in  a  small  platinum  crucible,  for  15  to  20  minutes,  to  the  heat  of  a  powerful 
blast  gaslamp,  gave,  with  dilute  hydrochloric  acid,  a  solution  in  which  diloride 
of  barium  failed  to  produce  the  least  turbidity. 

31.  Solubility  of  the  Basic  Phosphate  of  Magnesia  and  Ammonia  in 
pure  Water  (to  §  74,  b), 

a.  Recently  precipitated  basic  phosphate  of  magnesia  and  ammonia  was 
thoroughly  washed  with  water,  then  digested  for  24  hours  with  water  of  about 
15",  with  frequent  shaking. 

84  -42  grm.  of  the  filtrate  left 0  0047  grm 

of  pyrophosphate  of  magnesia. 

b.  The  same  precipitate  was  digested  in  the  same  manner  for  72 
hours 

84-42  grm.  of  the  filtrate  left 00043    " 


Mean    0  0045    " 

which  corresponds  to  0'(X)552  grm.  of  the  anhydrous  double  salt.     1  part  of  that 
salt  dissolves  therefore  in  15293  parts  of  pure  water. 

The  cold  saturated  solution  gave,  with  ammonia,  after  the  Lipse  of  a  short 
time,  a  distinctly  perceptible  cr>'stalline  precipitate; — on  the  addition  of  phos- 
phate of  soda,  it  remained  perfectly  clear,  and  even  after  the  lapse  of  two  days 
no  precipitate  had  formed ;— phosphate  of  soda  and  ammonia  produced  a  precipi- 
tate as  large  as  that  by  ammonia. 

32.  Solubility  op  Babtc  Phosphate  of  Magnesia  and  Ammonia  in  Water 

CONTAINING  AMMONIA  (tO  §  74,  b). 

.  a.  Pure  basic  phosphate  of  magnesia  and  ammonia  was  dissolved  in  the  least 
possible  amount  of  nitric  acid ;  a  large  quantity  of  water  was  added  to  the  solu- 
tion, then  ammonia  in  excess.  The  mixture  was  allowed  to  stand  at  rest  for  24 
hours,  then  filtered;  its  temperature  was  14*.  84 '42  grm.  left  0  0015  pyrophos- 
phate of  magnesia,  which  corresponds  to  0  001 84  of  the  anhydrous  double  salt. 
Consequently  1  part  of  the  latter  requires  45880  parts  of  ammoniated  water  for 
its  solution. 

b  Pure  basic  phosphate  of  magnesia  and  ammonia  was  digested  for  4  weeks 
with  ammoniated  water,  with  frequent  shaking;  the  fluid  (temperature  14^)  was 
then  filtered  off;  126 '63  grm.  left  0O024  pyrophosphate  of  magnesia,  which  cor- 
responds to  0*00296  of  the  double  salt.  1  part  of  it  therefore  dissolves  in  42780 
parts  of  ammoniated  water.  Taking  the  mean  of  a  and  b,  1  part  of  the  doub'  3 
salt  requires  44330  parts  of  ammoniated  water  for  its  solution. 

33.  Another  Experiment  on  the  same  Subject  (bo  §  74,  b). 

Beoently  precipitated  phosphate  of  magnesia  and  ammonia,  most  carefuUy 
washed  with  water  containing  ammonia,  was  dissolved  in  water  acidified  with 
hydrochloric  acid,  ammonia  added  in  excess,  and  allowed  to  stand  in  the  cold  foz 
24  hours.  169  64  grm.  of  the  filtrate  left  0*003 1  pyrophosphate  of  magnesia, 
corresponding  to  0*0038  of  anhydrous  phosphate  of  magnesia  and  ammonia.  1 
part  of  this  double  salt  ntquired  therefore  44600  parts  of  the  fluid. 
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34.   SOLUBtLITT  OF   THE  BASIC  PHOSPHATE  OF  MaGITESIA  ASD  AMMONIA  IH 

Water  containino  Ghlobide  of  Ammonium  (to  §  74,  b). 

Recently  precipitated,  thoroughly  washed  basic  phosphate  of  magneeia  and 
ammonia  was  digested  in  the  cold  with  a  solution  of  1  part  of  chloride  of  ammo- 
nium in  5  parts  of  water.  18'404o  grm.  of  the  filtrate  left  0002  pyrophosphate 
of  magnesia,  which  corresponds  to  0*00245  of  the  double  salt.  1  part  of  the  salt 
dissolves  therefore  in  7548  parts  of  the  fluid. 

85.  Solubility  of  the  Basic  Phosphate  of  Magnesia  and  Ammonia  in 
Water  contain ino  Ammonia  and  Chloride  of  Ammonium  (to  §  74,  b). 

Recently  precipitated,  thoroughly  washed  phosphate  of  magnesia  and  ammo- 
nia was  digested  in  the  cold  with  a  solution  of  1  part  of  chloride  of  ammonium 
in  7  parts  of  ammoniated  water.  23  1283  grm.  of  the  filtrate  left  0  0012  pyro- 
phosphate of  magnesia,  which  corresponds  to  0(X)148  of  the  double  salt.  1  part 
of  the  double  salt  requires  consequently  15G27  parts  of  the  fluid  for  its  solution. 

36.  Deportment  of  Acid  Solutions  op  Pyrophosphate  op  Maonksia 
WITH  Ammonia  (to  §  74,  e). 

0  3985  grm.  pyrophosphate  of  magnesia  was  treated  for  several  hours,  at  a  high 
temperature,  with  concentrated  sulphuric  acid.  This  exercised  no  perceptible 
action.  It  was  only  after  the  addition  of  some  water  that  the  salt  dissolved. 
The  fluid,  heated  for  some  time,  gave,  upon  addition  of  ammonia  in  excess,  a 
crystalline  precipitate,  which  was  filtered  off  after  18  hours;  the  quantity  of 
pyrophosphate  of  magnesia  obtained  was  0*8805  grm.,  that  is,  05 "48  per  cent. 
Phosphate  of  soda  produced  in  the  filtrate  a  trifling  precipitate,  which  gave 
0*0 150  grm.  of  pyrophonphate  of  magnesia,  that  is,  3  70  per  cent. 

0*3565  grm.  pyrophosphate  of  magnesia  was  dissolved  in  3  grm.  nitric  acid, 
of  1  '2  sp.  gr. ;  the  solution  was  heated,  diluted,  and  precipitated  with  ammo- 
nia: the  quantity  of  pyrophosphate  of  magnesia  obtained  amounted  to  0*3485 
grm. ,  that  is,-  08  '42  per  cent. ;  0  '4975  grm.  was  treated  in  the  same  manner  with 
7 '6  grm.  of  the  same  nitric  acid :  the  quantity  re-obtained  was  0*4935  grm.,  that 
is,  99  19  per  cent. 

0*786  grm.  treated  in  the  same  manner  with  16*2  grm.  of  nitric  acid,  gave 
0*7765  grm.,  that  is,  98*79  per  cent. 

The  result  of  these  experiments  may  be  tabulated  thus : — 

l*roportion  of  2  M^  0,  P  Oi 

to  nitric  ocid.  Ko-obtnlnod.  Loss. 

1  :    9  98*42  per  cent  1*58 

1  :  16  9919        *'  0-81 

1  :  20  98-79        "  1-21 

87.  Solubility  of  pure  Magnesia  in  Water  (to  §  74,  d), 
a.  In  Cold  Water. 

Perfectly  pure  well-crystailiked  sulphate  of  magnesia  was  dissolved  in  wateir, 
and  the  solution  precipitated  with  carbonate  of  ammonia  and  caustic  ammonia; 
the  precipitate  was  thoroughly  washed — in  spite  of  which  it  still  retained  a  per- 
ceptible trace  of  sulphuric  acid— then  dissolved  in  pure  nitric  acid,  an  excess  of 
acid  being  carefully  avoided.  The  solution  was  then  re -precipitated  with  car 
bonate  of  ammonia  and  caustic  ammonia,  and  the  precipitate  thoroughly  washed. 
The  so-prepared  perfectly  pure  basic  carbonate  of  magnesia  was  ignited  in  a 
platinum  crucible  until  the  wei^^ht  remained  constant.  The  residuary  pure  mag>- 
nesia  was  then  digested  in  the  cold  for  24  hours  with  distilled  water,  with  fre- 
quent shaking.  The  distilled  Water  used  was  perfectly  free  from  chlorine,  and 
left  no  fixed  residue  upon  evaporation. 

a.  84*82  grm.  of  the  filtrate,  cautiously  evaporated  in  a  platinum  dish,  left  a 
residue  weighing,  after  ignition,  0  0015  grm.  1  part  of  the  pure  magnesia  dis- 
solved therefore  in 56546 

parts  of  cold  water. 

The  digestion  was  continued  for  48  hours  longer,  when 

0.  84-82  grm.  left  0*0016  grm.     1  part  required  therefore 53013 

y.  84-82gTm.  left  0*0015  grm.     1  partrequired 66546 

Average  55368 
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The  solution  of  magnesia  prepared  in  the  cold  way  has  a  feeble  yet  distinct 
alkaline  reaction,  which  is  most  easily  perceived  upon  the  ftddition  of  very  faintly 
reddened  tincture  of  litmus ;  the  alkaline  reaction  of  the  solution  is  perfectly 
manifest  also  with  slightly  reddened  litmus  paper,  or  with  turmeric  or  dahlia 
paper,  if  these  test-papers  are  left  for  some  time  in  contact  with  the  solution. 

Alkaline  carbonates  fail  to  render  the  solution  turbid,  even  upon  boiling. 

Phosphate  of  soda  also  fails  to  impair  the  clearness  of  the  solution,  but  if  the 
fluid  is  mixed  with  a  little  ammonia  and  shaken,  it  speedily  becomes  turbid,  and 
deposits  after  some  time  a  perceptible  precipitate  of  basic  phosphate  of  magnesia 
and  ammonia. 

b.  In  Hot  Water, 

Upon  boiling  pure  magnesia  with  water,  a*  solution  is  obtained  which  comport? 
itself  in  every  respect  like  the  cold-prepared  solution  of  magnesia.  A  hot-pre* 
pared  solution  of  magnesia  does  not  become  turbid  upon  ooolmg,  nor  does  a  cold- 
prepared  solution  upon  boiling.  84*82  grm.  of  hot-prepared  solution  of  magnesia 
left  00016  grm.  Mg  O. 

38.  Solubility  op  Pure  Magnesia  in  Solutions  of  Chloride  of 
Potassium  and  Chlorii>e  of  Sodium  (to  §  74,  d). 

3  flasks  of  equal  size  were  chargfed  as  follows : — 

1.  With  1  grm.  pure  chloride  of  potassium,  200  c.  c.  water  and  some  perfectly 
pure  magnesia. 

2.  With  1  gnn.  pure  chloride  of  sodium,  200  c.  o.  water  and  some  pure  mag- 
nesia. 

3.  With  200  c.  o.  water  and  some  pure  magnesia. 

The  contents  of  the  3  flasks  were  kept  boiling  for  40  minutes,  then  iiltered, 
and  the  clear  filtrates  mixed  with  equal  quantities  of  a  mixture  of  phosphate  of 
soda,  chloride  of  ammonium  and  ammonia.  After  12  hours  a  yery  slight  preci- 
pitation was  visible  in  3,  and  a  considerably  larger  precipitation  had  taicen  place 
in  1  and  2. 

39.  Precipitation  of  Alumina  by  Ammonia,  etc.  (to  §  75,  a), 

a.  Ammonia  produces  in  neutral  solutions  of  salts  of  alumina  or  of  alum,  as  is 
well  known,  a  gelatinous  precipitate  of  hydrate  of  alumina.  Upon  further  ad- 
dition of  ammonia  in  considerable  excess,  the  precipitate  redissolves  g^radually, 
but  not  completely. 

b.  If  a  drop  of  a  dilute  solution  of  alum  is  added  to  a  copious  amount  of 
ammonia,  and  the  mixture  shaken,  the  solution  appears  almost  perfectly 
clear ;  however,  after  standing  at  rest  for  some  time,  slight  flakes  separate. 

e.  If  a  solution  of  alumina,  mixed  with  a  large  amount  of  ammonia,  is  filtered,  and 

a.  The  filtrate  boiled  for  a  considerable  time,  flakes  of  hydrate  of  alumina 
separate  gradually  in  proportion  as  the  excess  of  ammonia  escapes. 

0.  The  filtrate  mixed  with  solution  of  chloride  of  ammonium,  a  very  percep- 
tible flooculent  precipitate  of  hydrate  of  alumina  separates  immediately ;  the 
whole  of  the  hy&ated  alumina  present  in  the  solution  will  thus  separate  if  the 
chloride  of  ammonium  be  added  in  sufficient  quantity. 

V.  The  filtrate  mixed  with  sesquicarbonate  of  ammonia,  the  same  reaction 
takes  place  as  in  0, 

6.  The  filtrate  mixed  with  solution  of  chloride  of  sodium  or  chloride  of 
potassium,  no  precipitate  separates,  but,  after  several  days*  standing,  slight 
flakes  of  hydrate  of  alumina  subside,  owing  to  the  loss  of  ammonia  by  evaporation. 

d  If  a  neutral  solution  of  alumina  is  precipitated  with  carbonate  of  ammonia, 
or  if  a  solution  strongly  acidified  with  hydrochloric  or  nitric  acid  is  precipitated 
with  pure  ammonia,  or  if  to  a  neutral  solution  a  sufficient  amount  of  chloride 
of  ammonium  is  added  besides  the  ammonia ;  even  a  considerable  excess  of  the 
precipitants  will  fail  to  redissolve  the  precipitated  alumina,  as  appears  from  the 
continued  perfect  clearness  of  the  filtrates  upon  protracted  boiling  and  evapora- 

40.  Precipitation  of  Alumina  by  SuiiPmoE  of  Ammonium  (to  §  75,  a\ 

{Ejgp&nmerUs  made  by  Mr.  J.  Fucns,  formerly  Assistant  in  my  Ldborat'/ry.) 
a.  50  c.  a   of  a  solution  of  pure  ammonio-olum,  which  contained  3*3939 
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alumina,  were  mixed  with  50  c  c.  water  and  10  o.  c.  solntion  of  sail  hide  of 
ammonium,  and  filtered  after  ten  minutes.  The  ignited  precipitate  weighed 
0  882ri  grm. 

h.  The  same  experiment  was  repeated  with  100  o.  c  water ;  the  precipitate 
weighed  0*3759  grm. 

c.  The  same  experiment  was  repeated  with  200  o.  a  water ;  the  precipitate 
weighed  0  3042  grm. 

41.  Precipitation  of  Sesquioxide  of  Chromium  bt  Ammonia  (to  § 

76,  a). 

Solutions  of  sesqnichloride  of  chromium  and  of  chrome-alum  (oonoentrated 
and  dilute,  neutral  and  acidified  with  hydrochloric  acid)  were  mixed  with  am- 
monia in  excess.  All  the  filtrates  drawn  off  immediately  after  precipitation  ap- 
peared red,  but  when  filtered  after  ebullition,  they  all  appeared  colorless,  if  the 
ebullition  had  been  sufficiently  protracted. 

42.  Solubility  of  the  Basic  Carbonate  of  Zinc  in  Water  (to  g  77,  a). 

Perfectly  pure,  recently  (hot)  precipitated  basic  carbonate  of  sino  was  gently 
heated  with  distilled  water,  and  subsequently  digested  cold  for  many  weeks, 
with  frequent  shaking.  The  clear  solution  gave  no  precipitate  with  sulphide  of 
ammonium,  not  even  after  long  standing. 

84*82  grm.  left  0  0014  grm.  oxide  of  sdnc,  which  corresponds  to  OOOlO 
basic  carbonate  of  zinc  (74  per  cent,  of  Zn  O  being  assumed  in  this  salt). 
One  part  of  the  basic  carbonate  requires  therefore  44042  parts  of  water  for  so- 
lution. 

In  each  of  the  three  following  numbers  the  sulphide  was  pre- 
cipitated  from  the  solution  of  the  neutral  salt  with  addition  of  chloride  of  ammo- 
nium by  yellow  sulphide  of  ammonium,  and  allowed  to  stand  in  a  closed  yessel. 
After  24  hours  the  clear  fluid  was  poured  on  to  6  filters  of  equal  size,  and  the 
precipitate  was  then  equally  distributed  among  them.  The  wwAhing  was  at 
once  commenced  and  continued,  without  interruption,  the  following  fiuids  being 
used :  — 

L  Pure  water. 
IL  Water  containing  sulphuretted  hydrogen. 

III.  Water  containing  sulphide  of  ammonium. 

IV.  Water  containing  chloride  of  ammonium,  afterwards  pure  water. 

y.  Water  containing  sulphuretted  hydrogen  and  chloride  of  ammonium, 

afterwards  water  containing  sulphuretted  hydrogen. 
YL  Water  containing  sulphide  of  ammonium  and  chloride  of  ammonium, 
afterwards  water  containing  sulphide  of  ammonium. 

43.  Deportment  of  Sulphide  of  Zinc  on  Washing  (to  §  77,  c). 

The  filtrates  were  at  first  colorless  and  dear.  On  washing,  the  first  three  fil- 
trates ran  through  turbid,  the  turbidity  was  strongest  in  II.  and  weakest  in 
IIL  ;  the  last  three  remain«^  quite  clear.  On  adding  sulphide  of  ammonium  no 
change  took  place  ;  the  turbidity  of  the  first  three  was  not  increased,  the  clear- 
ness of  the  last  three  was  not  impaired.  Chloride  of  ammonium  therefore  de- 
cidedly exercises  a  favorable  action,  and  the  water  containing  it  may  be  displaced 
by  water  containing  sulphide  of  ammonium. 

44.  Deportment  of  Sulphide  of  Manganese  on  Washing  (to  §  78,  «>. 

The  filtrates  were  at  first  dear  and  colorless.  But  after  the  washing  had 
been  continued  some  time,  I.  appeared  colorless,  slightly  opalescent;  II. 
whitish  and  turbid ;  III.  yellowish  and  turbid ;  IV.  colorless,  slightly  turbid ; 
V.  slightly  yellowish,  nearly  clear ;  YL  dear,  yellowish.  To  obtain  a  filtrate 
that  remains  clear,  therefore,  the  wash-water  must  at  first  contain  chloride  of 
ammonium.  Addition  of  sulphide  of  ammonium  also  cannot  be  dispensed 
with,  as  all  the  filtrates  obtained  without  this  addition  gave  distinct  pre- 
cipitates of  sulphide  of  manganese  when  the  reagent  was  subsequeiiUy  added  to 
them. 
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45.  Deportment  of  Sulphide  of  Nickel  (albo  op  Sulphide  op  Cobalt 
AST)  Sulphide  of  Iron)  on  Washing  (to  §  79,  d). 

In  the  experiments  with  sulphide  of  nickel  the  dear  filtrates  were  put  aside, 
and  then  the  washing  was  proceeded  with.  The  washings  of  the  first  8  ran 
through  turbid,  of  the  last  8  clear.  When  the  washing  was  finished,  I.  wag 
colorless  and  clear ;  II.  blackish  and  dear  ;  III.  dirty  yellow  and  dear ;  IV.  col- 
orless and  dear ;  Y.  slightly  opalescent ;  VI.  slightly  brownish  an^  opalescent. 
On  addition  of  sulphide  of  ammonium,  I.  became  brown  ;  II.  remained  unalter- 
ed ;  IIL  remained  unaltered ;  IV.  became  black  and  opaque  ;  V.  became  brown 
and  clear  ;  VI.  became  pure  yellow  and  dear. 

Sulphide  of  cobalt  and  sulphide  of  iron  behayed  in  an  exactly  similar  manner. 
It  is  plain  that  these  sulphides  oxidize  more  rapidly  when  the  wash-wate* 
contains  chloride  of  ammonium,  unless  sulphide  of  ammonium  is  also  present. 
Hence  it  is  necessaiy  to  wash  with  a  fluid  containing  sulphide  of  ammo- 
nium ;  and  the  addition  of  chloride  of  ammonium  at  first  is  much  to  be  re- 
commended, as  this  diminishes  the  likelihood  of  our  obtaining  a  muddy  fil- 
trate. 

46.  Deportment  of  Hydrate  of  Protoxide  of  Cobalt  precipitated 
BT  Alkalies  (to  §  80,  a).  ' 

A  solution  of  protochloride  of  cobalt  was  precipitated  boiling  with  solution 
of  soda,  and  the  precipitate  washed  with  boiling  water  until  the  filtrate  gave  no 
longer  the  least  indication  of  presence  of  chlorine.  The  dried  nnd  ignited  resi 
due,  heated  with  water,  manifested  no  alkaline  reaction.  It  was  reduced  by  ig- 
nition in  hydrogen  gas,  and  the  metallic  cobalt  digested  hot  with  water.  The 
decanted  water  manifested  no  alkaline  reaction,  even  after  considerable  con- 
centration ;  but  the  metallic  cobalt,  brought  into  contact,  moist,  with  turmeric 
paper,  imparted  to  the  latter  a  strong  brown  color. 

47.  Solubility  of  Carbonate  of  Lead  (to  §  83,  a). 

a.  In  pure  Water. 

Recently  precipitated  and  thoroughly  washed  pure  carbonate  of  lead  wan 
digested  for  8  days  with  water  at  the  common  temperature,  with  frequent 
shaking.  84*42  grm.  of  the  filtrate  were  evaporated,  with  addition  of  some 
pure  sulphuric  acid;  the  residuary  sulphate  of  lead  weighed  0*0019  grm., 
which  corresponds  to  0'001G7  carbonate  of  lead.  One  part  of  the  latter  salt 
dissolves  therefore  in  50551  parts  of  water.  The  solution,  mixed  with  sul- 
phuretted hydrogen  water,  remained  perfectly  colorless,  not  the  least  tint 
being  detected  in  it,  even  upon  looking  through  it  from  the  top  of  the  test- 
Qjlinder. 

b.  In  Water  containing  a  Utile  Acetate  of  Ammonia  and  also  Carbonate  of 
Ajnmonia  and  Ammonia. 

A  highly  dilute  solution  of  pure  acetate  of  lead  was  mixed  with  carbonate  of 
ammonia  and  ammonia  in  excess,  ajid  the  mixture  gently  heated  and  then  al- 
lowed to  stand  at  rest  for  several  days.  84  42  grm.  of  the  filtrate  left,  upon  evap- 
oration with  a  little  sulphuric  acid,  0  0041  grm.  sulphate  of  lead,  which  corre- 
sponds to  0  0030  of  the  carbonate  One  part  of  the  latter  salt  requires  accordingly 
23450  parts  of  the  above  fluid  for  solution.  The  solution  was  mixed  with  sulphu- 
retted hydrogen  water ;  when  looking  through  the  fluid  from  the  top  of  the  test- 
cylinder,  a  distinct  coloration  was  visible  ;  Init  when  looking  through  thecylindez 
laterally,  this  coloration  was  hardly  perceptible.  Traces  of  sulphide  of  lead 
separated  after  the  lapse  of  some  time. 

c.  In  Water  containing  a  large  proportion  of  Nitrate  of  Ammonia^  together  with 
Carbonate  of  Ammonia  and  Caustic  Ammmiia, 

A  highly  dilute  solution  of  acetate  of  lead  was  mixed  with  nitric  acid,  then 
with  carbonate  of  ammonia  and  ammonia  in  excess ;  the  mixture  was  gently 
heated,  and  allowed  to  stand  at  rest  for  8  days.  The  filtrate,  mixed  with  sul- 
phuretted hydrogen,  exhibited  a  very  distinct  brownish  color  upon  looking  through 
it  from  the  top  of  the  cylinder ;  but  this  color  appeared  very  slight  only  when 
Looking  through  the  cylinder  lateially.  The  amount  of  lead  dissolved  was  unques- 
tionably more  considerable  thim  in  d.  * 
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48.  Solubility  of  Oxalate  op  Lead  (to  §  83,  b). 

A  dilute  solution  of  acetate  of  lead  was  precipitated  with  oxalate  of  ammonia 
and  ammonia,  the  mixture  allowed  to  stand  at  rest  for  some  time,  and  Ihen  fil- 
tered. The  filtrate,  mixed  with  sulphuretted  hydrogen,  comported  itself  exactly 
like  the  filtrate  of  No.  47,  b.  The  same  deportment  was  observed  in  imother 
similar  experiment,  in  which  nitrate  of  ammonia  had  been  added  to  the  aolation. 

49.  Solubility  of  Sulphate  of  Lead  in  Puke  Water  (to  §  83,  d}. 

Thoroughly  washed  and  still  moist  sulphate  of  lead  was  digested  for  5  days 
with  water,  at  10—15%  with  frequent  shaking.  84*42  grm.  of  the  filtrate  (filtered 
off  at  11")  left  0*0037  g^rm.  sulphate  of  lead.  Consequently  1  part  of  this  salt 
requires  22816  parts  of  pure  water  of  ll*'  for  solution. 

The  solution,  mixed  with  sulphuretted  hydrogen,  exhibited  a  distinct  brown 
color  when  viewed  from  the  top  of  the  cylinder,  but  this  color  appeared  veiy 
slight  upon  looking  through  the  cylinder  laterally. 

50.  Solubility  op  Sulphate  of  Lead  in  Water  containing  Sulphuric 
Acid  (to  g  83,  d). 

A  highly  dilute  solution  of  acetate  of  lead  was  mixed  with  an  excess  of  dilute 
pure  sulphuric  acid ;  the  mixture  was  veiy  gently  heated,  and  the  precipitate 
allowed  several  days  to  subside.  80*31  grm  of  the  filtrate  left  0*0022  grm. 
sulphate  of  lead.  One  part  of  this  salt  dissolves  therefore  in  36504  parts  of  water 
containing  sulphuric  acid.  The  solution,  mixed  with  sulphuretted  hydrogen, 
appeared  colorless  to  the  eye  looking  through  the  cylinder  laterally,  and  very 
little  darker  when  viewed  from  the  top  of  the  cylinder. 

51.  Solubility  op  Sulphate  of  Lead  in  Water  containing  Ahmoniacal 
Salts  and  free  Sulphuric  Acid  (to  §  83,  d). 

A  highly  dilute  solution  of  acetate  of  lead  was  mixed  with  a  tolerably  large 
amount  of  nitrate  of  ammonia,  and  sulphuric  add  in  excess  added.  After  sev- 
eral days^  standing,  the  mixture  wns  filtered.  The  filtrate  was  nearly  indifferent 
to  sulphuretted  hydrogen  water  ;  viewed  from  the  top  of  the  cylinder,  it  looked 
hardly  perceptibly  darker  than  pure  water. 

52.  Deportment  of  Sulphate  of  Lead  upon  Ignition  (to  §  83,  d). 

Speaking  of  the  detennination  of  the  atomic  weight  of  sulphur,  Erdmann  and 
Makghand*  state  that  sulphate  of  lead  loses  some  sulphuric  acid  upon  ignition. 
In  order  to  inform  myself  of  the  extent  of  this  loss,  and  to<ascertain  how  far  it 
might  impair  the  accuracy  of  the  method  of  determining  lead  as  a  sulphate,  I 
heated  2*2151  grm.  of  absolutely  pure  PbO,  S  Os  to  the  most  intense  redness, 
over  a  spirit-lamp  with  double  draught.  I  could  not  perceive  the  slightest  de- 
crease of  weight ;  at  all  events,  the  loss  did  not  amount  to  0*0001  grm. 

63.  Deportment  of  Sulphide  of  Lead  on  Drying  at  100'  (to§  83,  e). 

Sulphide  of  lead  was  precipitated  from  a  solution  of  pure  acetate  of  lead  with 
sulphuretted  hydrogen,  and  when  dry,  kept  for  a  considerable  time  at  lOO'*  and 
weighed  occasionally.  The  following  numbers  represent  the  results  of  the  sev- 
eral weighings :  — 

L  0-8154.        IL  0-8164.        IIL  0-8313.        IV.  0'8460.        V.  0-864. 

64.  Deportment  of  Metallic  Mercury  at  the  Common  Temperature 
AND  UPON  Ebullition  with  Water  (to  g  84,  a). 

To  ascertain  in  what  manner  loss  of  metallic  mercury  occurs  upon  drying,  and 
likewise  upon  boiling  with  water,  and  to  determine  which  is  the  best  method  of 
drying,  I  made  the  following  experiments :  — 

I  treated  6*4418  grm.  of  perfectly  pure  mercury  in  a  watch-glass,  with  dis 
tilled  water,  removed  the  water  again  as  far  as  practicable  (by  decantation  and  fin- 
ally by  means  of  blotting-paper),  and  weighed.     I  now  had  6*4412  grm.  After  sev- 
eral hours^  exposure  to  the  air,  the  mercury  was  reduced  to  6  -441 1.    I  placed  these 
6*4411  grm.  under  a  bell- jar  over  sulphuric  acid,  the  temperature  being  about  17**. 

•  ♦  Journ.  fir.  Prakt  Cbem.  81,  885. 
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After  the  lapse  of  24  hours  the  weight  had  not  altered  in  the  least  *  I  introduced 
the  6*4411  gnn.  mercuiy  into  a  flask,  treated  it  with  a  copious  quancity  of  dis- 
tilled water,  and  boiled  for  15  minutes  violentlj.  I  then  placed  the  mercury 
again  upon  the  watch-glass,  dried  it  most  carefully  with  blotting-paper,  and 
weighed.  The  weight  was  now  6  4402  grm.  Finding  that  a  trace  of  mercury 
had  adhered  to  the  paper,  I  repeated  the  same  experiment  with  the  6  '4402  gnn. 
After  15  minutes^  boiling  with  water,  the  mercury  had  again  lost  0*0004  grm. 
The  remaining  6  '4398  grm.  were  exposed  to  the  air  for  6  days  (in  summer,  durix^ 
veiy  hot  weatiier),  after  which  they  were  found  to  have  lost  only  0  0005  grm. 

55.  Deportmebt  op  Sulpiiidb  of  Mercury  with  Solution  of  Potasba., 
SuiiPHioE  OF  Ammonium,  etc.  (to  §  84,  e). 

i%.  If  recently  precipitated  pure  sulphide  of  mercury  la  boiled  with  pure  solu- 
tion of  potassa,  not  a  trace  of  it  dissolves  in  that  fluid ;  hydrochloric  acid  pro- 
duces no  precipitate,  nor  even  the  least  coloration,  in  the  filtrate. 

b.  If  sulphiae  of  mercury  is  boiled  with  solution  of  x>ota8sa,  with  addition  of 
some  sulphuretted  hydrogen  water,  sulphide  of  ammonium,  or  sulphur,  complete 
solution  is  effected. 

e.  If  freshly  precipitated  sulphide  of  mercury  is  digested  in  the  cold  with 
yellowish  or  very  yellow  sulphide  of  ammonium,  slight,  but  distinctly  percepti- 
ble traces  are  dissolved,  while  in  ihe  case  of  hot  digestion,  scarcely  any  traces 
of  mercury  can  be  detected  in  the  solution.  * 

d.  Thoroughly  washed  sulphide  of  mercury,  moistened  with  water,  suffers  no 
alteration  upon  exposure  to  the  air;  at  lea.st,  the  fluid  which  I  obtained  by 
washing  sulphide  of  mercury  which  had  been  thus  exposed  for  24  hours,  did  not 
aiajiif  est  acid  reaction,  nor  did  it  contain  mercury  or  sulphuric  acid. 

50.  Deportment  of  Oxide  of  (Jopper  upon  Ignition  (to  §  85,  b). 

Pure  oxide  of  copper  (prepared  from  nitrate  of  copper)  was  ignited  in  a  plat- 
inum crucible,  then  cooled  under  a  bell-jar  over  sulphuric  acid,  and  finally 
weighed.  The  weight  was  3*542  grm.  The  oxide  was  then  most  intensely 
ignited  for  5  minutes,  over  a  Berzelius^  lamp,  and  weighed  as  before,  when  the 
weight  was  found  unaltered ;  the  oxide  was  then  once  more  ignited  for  5  minutes, 
but  with  the  same  result. 

57.  Deportment  of  Oxide  of  Copper  in  the  air  (to  §  85,  b), 

A  platinum  crucible  containing  4 '3921  grm.  of  gently  igfuited  oxide  of  copper 
(prepared  from  the  nitrate)  stood  for  10  minutes,  covered  with  the  lid,  in  a  warm 
room  (in  winter) ;  the  weight  of  the  oxide  of  copper  was  found  to  have  increased 
to  4*3939  grm. 

The  oxide  of  copper  was  then  intensely  ignited  over  a  spirit-lamp ;  after  IC 
minutes'  standing  in  the  covered  crucible,  the  weight  had  not  perceptibly  in- 
creased ;  i^ter  24  hours  it  had  increased  by  0*0036  grm. 

58.  Deportment  of  Sulphide  of  Bismuth  upon  driino  at  100**  (to 

0  4558  grm.  of  sulphide  of  bismuth  prepared  in  the  wet  way  were  placed  in 
the  desiccator  on  a  watch  glass  and  allowed  to  stand  at  the  common  tempera- 
tare.  After  3  hours  the  weight  was  0*4270,  after  6  hours  0*4258,  after  2  days 
the  same. 

0*8602  grm.  of  the  sulphide  of  bismuth  so  dried  waa  put  into  a  water-bath,  in 
15  minutes  it  weighed  0-3596,  half  an  hour  afterwards  0*3599,  in  half  an  hour 
more  0*3603,  in  two  hours  0*3626.  In  a  second  experiment  the  drying  was  kept 
up  for  4  days,  and  a  continual  increase  of  weight  was  observed. 

0*5081  grm.  of  sulphide  of  bismuth  dried  in  the  desiccator  was  heated  in  a 
boat  in  a  stream  of  carbonic  acid.  After  gentle  ignition  the  weight  was  0'5002, 
after  repeated  heating  0*4992.  H^ie  sulphide  of  bismuth  was  visibly  volatilized 
on  ignition  in  the  oorrent  of  carbonic  acid. 

j___^,jBj__i^^j_j i_     1.  _i        !__,__  ■■■____u-i r ■ "~ • —^^ 

*  Oomp.  my  experimento  in  the  Zoltachrtft  f.  Anal  Chem.  8, 14A, 
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59.  Deportment  of  Sulphide  op  Cadmium  wrru    \MUomA,  etc.  (t« 

§  87,  e). 

Recently  precipitated  pare  sulphide  of  cadmium  was  diifufied  through  water, 
and  the  foUowing  experiments  were  made  with  the  mixture. 

a.  A  portion  was  digested  cold  with  ammonia  in  excess,  and  filtered.  The  fil- 
trate remained  perfectly  clear  upon  addition  of  hydrochloric  acid. 

b.  Another  portion  was  digested  hot  with  excess  of  ammonia,  and  filtered. 
This  filtrate  likewise  remained  perfectly  clear  upon  addition  of  hydrochloiio 
acid. 

c.  Another  portion  was  digested  for  some  time  with  solution  of  cyanide  of  po- 
tassium, and  filtered.  This  filtrate  also  remained  perfectly  clear  upon  addition 
of  hydrochloric  acid. 

d.  Another  portion  was  digested  with  hydrosulphate  of  sulphide  of  ammonium, 
and  filtered.  The  turbidity  which  hydrochloric  acid  imparted  to  this  filtrate  waa 
pure  white. 

(A  remark  made  by  Wackenroder,  in  Bucitner's  Rei>ertor.  d.  Plumn., 
dvi.  226,  induced  me  to  make  these  experiments.) 

60.  Deportment  op  Precipitated  Tersitlphide  of  ANTiMOinr  on  dry- 

:nq  (to  §  90,  a), 

0*2699  grm.  of  pure  precipitated  tersulphide  of  antimony  dried  in  the  desicca- 
oor  lost,  when  dried  at  100  ,  0-0007. 

0*4457  grm.  of  the  substance  dried  at  100'  lost,  when  heated  to  blackening  in 
a  stream  of  carbonic  acid,  0*0011  water. 

0  1982  grm.  of  the  substance  dried  at  100"  gave  up  0'0012,  when  heated  to 
blackening  in  a  stream  of  carbonic  acid,  and  after  stronger  heating,  during  which 
fumes  of  sulphide  of  antimony  began  to  escape,  the  total  loss  amounted  to 
0  0022  grm. 

0  1670  grm.  of  the  substance  dried  at  100"*  lost  0*0005  grm.  on  being  heated  to 
blackening  in  a  stream  of  carbonic  acid. 

61.  Amount  op  Water  in  Hydrated  Silicic  Acid  (to  §  93,  9). 

{Experiments  made  hy  my  assistant^  Mr.  Lippert.) 

A  dilute  solution  of  soluble  glass  was  slowly  dropped  into  hydrochloric  acid, 
as  long  as  the  precipitate  continued  to  dissolve  rapidly,  then  the  clear  fluid  waa 
heated  in  the  water-bath,  till  it  set  to  a  transparent  jelly.  This  jeUy  was  dried 
as  far  as  possible  with  blotting  paper,  diffused  in  water,  and  washed  by  decanta- 
tion  till  the  fluid  altogether  ceased  to  give  the  chlorine  reaction.  It  was  then 
transferred  to  a  filter,  and  the  latter  spread  on  blotting  paper  and  exposed  till  a 
crumbly  mass  was  left  from  the  spontaneous  evaporation  of  water.  One  half 
(I.)  was  dried  for  8  weeks  in  the  desiccator  over  sulphuric  acid,  with  occasional 
trituration,  the  other  half  (II. )  was  dried  under  similar  circumstances,  but  in  a 
vacuum.  Both  were  transferred  to  closed  tubes  and  these  were  kept  in  the  de- 
siccator. 

The  weighing  of  the  substance  dried  at  100°  was  effected  between  watch 
glasses.  For  the  purpose  of  igniting  the  residue,  it  was  allowed  to  satiate  itself 
with  aqueous  vapor  by  exposure  to  the  air,  otherwise  a  considerable  quantity  of 
the  substance  would  have  been  lost,  then  water  was  dropped  upon  it  in  the  watch 
glass,  then  it  was  rinsed  into  a  platinum  crucible,  dried  in  a  water-bath,  and 
ignited,  at  first  cautiously,  towards  the  end,  intensely. 

The  substance  I.  contained  Expt.  1.      Expt.  9. 

Water,  escaping  at  or  below  100* 4*19  )    ^^a 

"         above  100" 476  \   ^^ 

BiUcioacid 91*05        90-73 


100-00      100-00 

Oonsequently  the  hydrate  dried  at  100°  consists  of  4*97  water  and  95*08  sOicie 
Add.  In  the  substance  dried  in  the  desiccator  the  oxygen  of  the  total  water : 
tiie  oxygen  of  the  silicic  acid,  according  to  the  first  experiment : :  1  :  Gl,  ao- 
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oording  to  the  second  experiment  :  :  1  :  5*86.     And  in  the  mihstance  dried  aft 
TOO*"  the  oxygen  of  the  water  :  the  oxygen  of  the  silicic  acid  :  :  1  :  11'5. 


The  snbfltance  II.  contained  Expt.  l.  Expt.  2.      Ezpt.  8. 

Water,  escaping  at  or  below  lOO* 4  75           471 

"            "         abovelOO» 526           6-21 

Silicioacid 8999  90-08          9005 


\ 


9-95 


10000      10000         10000 

Consequently  the  hydrate  dried  at  100^  consists  on  the  average  of  6  '49  water 
and  94 '51  silicic  acid.  In  the  substance  dried  in  a  vacunm  over  sulphuric  acid 
the  oxygen  of  the  total  water  :  the  oxygen  of  the  silicic  acid— on  an  aver- 
age :  :  1  :  5*41.  And  in  the  substance  dried  at  100"*  the  oxygen  of  the  water: 
the  oxygen  of  the  silicic  acid  :  :  1  :  10 '43. 

63.  Determination  of  Baryta  by  Precipitation  with  Carbonate  of 
Ammonia  (to  §  101,  2,  a), 

0*7553  grm.  pure  ignited  chloride  of  barium  precipitated  after  §  101, 2,  a,  gave 
0-7142  Ba  O,  0  O,,  which  corresponds  to  0*554719  Ba  O  =  73  44  per  cent.  (100 
paxts  of  Ba  CI  ought  to  have  given  73  '59  parts).  The  result  accordingly  was 
99-79  instead  of  100. 

63.  Determination  op  Baryta  in  Organic  Salts  (to  §  101,  2,  5). 

0*686  grm.  racemate  of  baryta  (2  BaO,  CsH4  Oio+5  aq.)  treated  according  to 
§  101,  2,  *,  gave  0408  carbonate  of  baryta  =  03169  Ba  0  =  46 '20  per  cent,  (cal- 
culated 46*38  per  cent.) ;  i.A,  99 '61  instead  of  100. 

64.  Determination  of  Strontia  as  Sulphate  of  Strontia  (to  §  102, 

1,0). 

a  An  aqueous  solution  of  1  '2398  grm.  Sr  CI  was  precipitated  with  sulphuric 
acid  in  excess,  and  the  precipitated  sulphate  of  strontia  washed  with  water.  It 
weighed  1  '4113,  which  corresponds  to  0*795408  Sr  O  =  64 '15  per  cent,  (calculated 
65'38  per  cent.) ;  i.e.,  98  12  instead  of  100. 

b.  1  *1510  grm.  Sr  0,  C  Os  was  dissolved  in  excess  of  hydrochloric  acid,  the 
solution  diluted,  and  then  precipitated  with  sulphuric  acid  ;  the  precipitated  Sr 
O,  S  Oa  was  washed  with  water ;  it  weighed  1*4024  =  0  79039  Sr  O  =  6868  per 
cent,  (calculated  70-07  per  cent.) ;  t.«.,  98  02  instead  of  100. 

65.  Determination  of  Strontia  as  Sulphate,  with  Correction  (to 
§  102,  1,  a). 

The  JiUrate  obtained  in  No.  64,  ft,  weighed  190*84  grm.  According  to  experi- 
ment No.  22,  11862  parts  of  water  containing  sulphuric  acid  dissolve  1  part  of 
sulphate  of  strontia;  therefore,  190*84  gprm.  dissolve  0*0161.  The  wasldngs 
weighed  63 -61  grm.  According  to  experiment  No.  21,  6895  parts  of  water 
dissolve  1  part  of  Sr  O,  S  Og ;  therefore,  63*61  grm.  dissolve  0*0092  grm. 

Adding  0*0161  and  0*0092  to  the  1 '4024  actually  obtained,  we  find  the  total 
amount  =  1*43^77  grm.,  which  corresponds  to  0*80465  SrO  =  69-91  percent,  in  Sr 
O,  C  Oa  (calculated  70  07  per  cent.) ;  i.e.,  99*77  instead  of  100. 

66.  Determination  of  Strontia  as  Carbonate  of  Strontia  (to  §  102,  2). 

1  '3104  grm.  chloride  of  strontium,  precipitated  according  to  §  102,  2,  gave 
1  -2204  Sr  O,  C  0,,  containing  0*8551831  Sr  0=65*26  per  cent,  (calculated  65*38) ; 
iL&,  99*82  Instead  of  100. 

lir  the  four  following  experiments,  and  also  in  No.  72,  pure  axr- 
dried  carbonate  of  lime  was  used,  in  a  portion  of  which  the  amount  of  anhydrous 
carbonate  had  been  determined  by  very  cautious  heating.  0*7647  grm.  left 
0*7581  grm.,  which  weight  remained  unaltered  upon  further  (extremely  gentle) 
ignition;  the  air-dried  carbonate  contained  accordingly  55*516  per  cent,  of  lime. 
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67.     DET£filimATI0I7  OF  LiHE  AS  SULPHATE  OF  LiMB  BT   PSECtPITATH  S 

(to  g  103, 1,  a). 

1  '186  grm.  of  *^  the  air-dried  carbonate  of  lime  "  was  diBSolred  in  hjdsochlorio 
acid,  and  the  solution  precipitated  with  sulphuric  acid  and  alcohoL  after  §  103, 
1,  a.  Obtained  1'5940  grm.  Ca  O,  S  O,,  containing  0*65598  Ca  O,  ktf.,  55  81  per 
cent,  (calculated  55*51),  whi^  giyes  99*64  instead  of  100. 

68.  Determination  of  €a  O  as  Oa  0,  0  Oa,  by  Pbecipitation  with 
Carbonate  of  Ammonia  and  washing  with  Pttre  Water  (to  §  lOS,  2,  a). 

A  hydrochloric  acid  solution  of  1*1437  grm.  of  *^the  air-dried  caibonate  of 
lime  '*  gave  upon  precipitation  as  directed,  1  '1243  g^rm.  anhydrous  carbonate  of 
lime,  corresponding  to  0  "629608  Oa  O  =  55  '05  per  cent,  (calculated  55  *51  per  cent. ) 
which  gives  99  "17  instead  of  100.  , 

69.  Determination  of  Ca  O  as  Ca  0,  0  0»,  by  pRECiPiTATioir  with 
Oxalate  of  Ammonia  from  Alkaline  Soltjtion  (to  §  103,  2,  5,  a% 

l*1734^rrm.  of  'Hhe  air-dried  carbonate  of  lime"  dissolved  in  hydrochloric 
add,  and  treated  as  directed  g  103,  2,  b,  a,  gave  1  1632  grm.  Ca  O,  C  0%  (reaction 
not  alkaline),  containing 0*651392  of  Ca  0  =  55*513  percent  (calculated 55^516 
per  cent.),  which  gives  99*99  instead  of  100. 

70.  Determination  of  Lime  as  Oxalate  (to  §  103,  2,  b,  a). 

0*857  grm.  of  ^^  the  air-dried  carbonate  of  lime  '^  were  dissolved  in  hydrochloric 
acid:  the  solution  was  precipitated  with  oxalate  of  ammonia  and  ammonia,  the 
precipitate  washed,  and  then  dried  at  100%  untU  the  weight  remained  constant. 

The  precipitato  (2  Ca  O,  O  +  2  aq.)  weighed  1*2461  gim.,  containing  0*477879 
Ca  0  =  55*76  per  cent,  (calculated  55*516  per  cent.),  whidi  gives  100*45  instead 
of  100. 

71.  YOLUMETRIG  DETERMINATION  OF  LiME  PbBCIFITATED  AS  OXALATE  (to 
§  103,  2,  ft,  a). 

Six  portions,  of  10  c.  o.  each,  were  taken  of  a  solution  of  pure  chloride  of  cal- 
cium ;  in  2  portions  the  lime  was  determined  in  the  gravimetric  way  (by  pre 
dpitation  with  oxalate  of  ammonia,  and  weighing  as  Ca  O,  C  Os) ;  in  two  by  tiic 
alkalimetric  method  (p.  171,  a),  and  in  two  by  precipitation  with  oxalate  of  am 
monia,  and  estimation  of  the  oxalic  acid  in  the  precipitate  by  solution  of  per 
manganate  of  potassa.     The  following  were  the  results  obtained : — 

a.  In  the  gravimetric  b.  By  the  alkalimetric  cl  By  solueion  of  pcr- 

way.  ^  method.  manganate  of  potaasa 

0*5617  Ca  O,  C  O,  0*5614  0*5613 

0*5620        ''  0*5620  0*5620 

72.  Determination  of  Ca  O  as  Ca  O,  C  Oa  by  PB.'WiPiTATroK  as  8  Oa  O,  ^ 
FBOM  Acid  Solution  (to  §  103,  2,  ft,  /?). 

0*857  grm.  of  ^*  the  air-dried  carbonate  of  lime  "  dissolved  in  hydrochloric  acid 
and  precipitated  from  this  solution  according  to  the  directionB  of  §  103,  2,  ft,  0^ 
gtive  0*8476  carbonate  of  lime  (which  did  not  manifest  alkaline  reaction,  and  th# 
weight  of  which  did  not  vary  in  the  least  upon  evaporation  with  carbonate  of 
ammonia),  containing  0*474656  Ca  0  =  55 '39  per  cent,  (calculated  55*51),  which 
gives  99*78  instead  of  100. 

73.  Determination  of  MAGxnLSiA  as  2  Ifg  O,  P  Oa  (to  §  104,  2). 

a.  A  solution  of  1  -0587  |rrm.  pure  anhydrous  sulphate  of  magnesia  in  wstar. 
precipitated  according  to  ^  104,  2,  gave  0*9834  pyrophosphate  of  magnesiA,  oan- 
taining  0*35438  magnesia  =  33*476  per  cent,  (calculated  33*33  per  ceatw)^  wfda^ 
gives  100-43  instead  of  100. 

ft.  0*9672  MgO,  SO.  gave  0*8974  2  VgO,  POt  =  33*43  per  oenl  of  llg0(<a^. 
ouhited.38-33),  which  gives  100*30  instead  of  100. 
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74  Prkctpitation  op  Acetatb  op  Zinc  by  Sulphuretted  Htdbogbm 
(to  §  108,  b). 

a,  A  solaiion  of  pore  acetate  of  zinc  was  treated  with  the  g^  in  exoesa,  al- 
lowed to  stand  at  rest  for  some  time,  and  then  filtered.  The  filtrate  was  mixed 
with  ammonia ;  it  remained  perfectly  clear  at  first,  and  even  after  long  standing 
a  few  hardly  risible  flakes  only  had  separated. 

b.  A  solution  of  acetate  of  dnc  to  which  a  toleraUy  large  amount  of  acetio 
acid  had  been  added  previously  to  the  precipitation  wi^  sulphuretted  hydrogen, 
showed  exac^y  the  same  deportment. 

75.  Determination  op  Iron  as  Sulphide  (to  §  113,  2). 

10  a  a  of  a  pure  solution  of  sesquichloride  of  iron  was  porecipitated  with  am- 
monia; obtained  01453  Fe,  O.  =0  10171  Fe. 

10  c.  o.  was  precipitated  with  ammonia  and  sulphide  of  ammonium,  and  trcAtad 
after  §  113,  2,  obtained  01596  Fe  S=0101o7  Fe. 

10  c.  c.  again  yielded  01605  Fe  S=0.1021  Fe. 

76.  Determination  of  Lead  a&  Coromate  (to  §  116,  4). 

1*0063  grm.  pure  nitrate  of  lead  were  treated  according  to  §  116,  4.  The  pre- 
cipitate waa  collected  on  a  weighed  iUter,  and  dried  at  100%  obtained  0'9871 
grra.  =0-67833  Pb  0.     This  gives  67  3  per  cent.     Calculation  67*4. 

0*9814  nitrate  of  lead  again  yielded  0*9625  chromate=67*4  per  cent. 

77.  Determination  op  Merccrt  in  the  Metallic  State,  in  the  Wet 
Wat,  by  Means  op  Protochloride  op  Tin  (to  §  118,  1,  b). 

2*01  grm.  chloride  of  mercury  gave  1*465  grm.  metallic  mercury=72*88  per 
cert,  (calculated  73*83  per  cent.),  which  gives  98*71  instead  of  100  (Schaffner). 
The  loss  is  not  inherent  in  the  method,  t.d.,  it  does  not  arise  from  mercuiy 
evaporating  during  the  ebullition  and  desiccation  (Expt.  No.  54) ;  but  its  origin 
lies  in  the  fact  that  one  usually  does  not  allow  sufficient  time  for  the  mercuzy  to 
settle  quite  completely,  and  in  general  is  not  careful  enough  in  decanting,  and 
drying  with  paper,  &c 

78.  Determination  of  Copper  by  Precipitation  with  Zinc  in  a  Plat- 
inum Dish  (to  §  119,  2). 

80*882  grm.  pure  sulphate  of  copper  were  dissolved  in  water  to  250  a  o. ;  10 
o.  c.  of  the  solution  contained  accordingly  0 '81387  grm.  metallic  copper. 

a,  10  c.  c.  precipitated  with  zinc  in  a  platinum  Siahy  gave  0*3140=100*06  per 
cent 

&.  In  a  second  experiment  10  a  a  gave  0*3138  =  100  per  cent. 

79.  Behavior  op  Copper  Preoipitated  by  Zinc  on  Ignition  in  Hydro* 
gen  (to  p.  229,  foot-note). 

A  dilute  solution  of  sulphate  of  copper  was  acidified  with  hydrochloric  acid 
and  precipitated  with  zinc  in  a  platinum  crucible,  the  precipitate  was  washed 
with  water,  then  with  alcohol,  and  dried  at  lOO''.  0*7961  g^rm.  of  this  was  ig- 
nited for  i  of  an  hour  in  a  stream  of  hydrogen.     It  then  weighed  0*7952  grm. 

80.  Determination  of  Copper  as  Subsulphooyanide  (to  §  119,  3,  b), 

0*5965  grm.  of  pure  sulphate  of  copper  was  dissolved  in  a  little  water,  and, 
after  addition  of  an  excess  of  sulphurous  acid,  precipitated  with  sulphocyanide 
of  potassium.  The  well- washed  precipitate,  dried  at  100°,  weighed  0*2803,  cor- 
responding to  0*1892  Cu  0=31  '72  per  cent.  As  sulphate  of  copper  contains  31  83 
per  cent.,  this  gives  99*66  instead  of  100. 

81.  Dbtebmination  of  Coffer  by  Db  Haen^s  Method  (to  g  119,  4,  a). 

Four  10  c.  c^s  of  a  solution  of  sulphate  of  copper,  each  10  o.  a  containing 
0*0254  grm.  Cu,  were  severally  mixed  with  iodide  of  potassium,  then  with  50  c.  c, 
of  a  solution  of  sulphurous  acid  (50  c.  c.  corresponding  to  12*94  c.  o.  iodine  solu- 
tion). After  addition  of  starch  paste,  iodine  solution  was  added  until  the  fluid 
aiqpeared  blue. 
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Thisreqaired,— 

In  a,  4*09 
ft,  895 
0,  4  06 
d,  3-05 

As  100  a  a  of  iodine  solution  contained  0*58048  gxm.  iodine,  this 

For  a,  0-0256  Cu  instead  of  00254 
'*    ft,  00260  *'  " 

**    0.  00267  "  '' 

**    d,  00260  "  " 

Another  experiment,  made  with  100  a  a  of  the  same  solution  of  snlphate  of 
copper,  gave  0'26f)6  instead  of  0  254  of  copper.  Nitrate  of  ammonia  haying  been 
added  to  10  a  o.  of  the  solution  of  sulphate  of  copper,  then  some  dilute  hydro- 
chloric acid,  3 '4  and  3  5  c.  c.  of  iodine  solution  were  required  instead  of  4  o.  c, — 
a  proof  that  considerably  more  iodine  had  separated  than  corresponded  to  th« 
oxide  of  copper. 

82.  Action  of  Solution  op  Cyanide  of  Potassium  upon  A)oconiacai« 
Solution  of  Oxide  op  CtopPER  (to  §  119,  4,  ft). 

a.  Three  10  a  a 's  of  a  solution  of  sulphate  of  copper,  each  10  c.  c.  containing 
0*1  grm.  sulphate  of  copper,  were  mixed  with  increasing  quantities  of  a  solution 
of  ammonia,  and  a  sufficient  amount  of  water  to  equalise  the  degree  of  concen- 
tration in  the  three  portions.  Solution  of  cyanide  of  potassium  was  then  added, 
drop  by  drop,  until  the  blue  color  had  disappeared.  This  required  the  following 
quantities : — 

Solntion  of  solphate  Bolntlon  of  w&ter  Solution  of  cyanide 

ofoopper.  unmonlo.  vraiier.  of  potaaalam. 

10  a  a  4  c.  c.  12  a  a  6*7 

10  c.  a  8  c.  c.  8  c.  o.  6-86 

10  a  c.  16  CO.  0  a  o.  71 

Neutral  salts  of  ammonia  also  exercise  some  influence,  as  the  following  experi* 
ments  show,  which  were  made  the  next  day  with  the  same  solutions : — 

Sol.  CaO,  S  Os.  Sol.  N  Hs.  Wnter,  &a  Sol.  K  Cy. 

10  0,  o.  2  c.  a  14  c.  c.  6*70 

10  c.  o.  2  c.  o.  14  c.  c.  BoLNH4  01(l:10)  7*40 

1A  r.  A  tt  ^  ^  ( 10  c.  c.  water,  )  n,ni\ 

10  a  0.  oca  \    A  ^   ^  a  r\  Ai-i    ft  ,  kc  7  OO 

(   4  a  c.  S  Oadil.  (1 :  o  y 

ft.  Several  10  c.  c.^s  of  solution  of  sulphate  of  copper,  each  10  a  o.  containing 
O'l  grm.  of  the  salt,  were  mixed  with  10  c.  c.^s  of  a  solution  of  sesquicarbonate 
of  ammonia  (1 :  10),  and  after  addition  of  water  or  of  solution  of  neutral  ammo- 
nia salts,  cyanide  of  potassium  solution  was  added  till  the  blue  color  had  vanidheil. 
Temp,  60^ 

a  a  GuO,  SOt         o.  o.  S  NH4  O,  3  CO*         a  o.  Water,  dec.  o.  a  K  Cy. 

10  10  10.  water  \  ^  ^^ 

10  10  10.  N  H*  O,  S  O,  (1 :10)  |  '^  j^? 

10  10  10.  NH4  0,  NO,  (1 :  10)  ]  .V  J5.5 


10  10 
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10.NH4C1(1:10)  {tvi- 


The  addition  of  the  2  drops  of  f  ezrocyanide  of  potassium  does  not  much  assist 
one  in  hitting  the  end -reaction,  as  the  solution,  which  towards  the  end  is  colored 
red,  gfradually  becomes  light  yellow  when  more  cyanide  is  added,  and  is  not  fully 
decolorized  till  a  further  aiddition  of  the  same  salt  has  been  made,  and  it  has  stood 
tor  some  time. 

83.  Precipitation  op  Nitrate  of  Bismuth  by  Carbonate  of  Ammokia 
(to  §  120, 1,  a), 
11  a  solution  0?  nitrate  of  bismuth*  no  matter  whether  containing  much  or  litftle 
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free  nitrio  aoid,  is  mixed  with  water,  precipitated  with  carbonate  of  aniuioDia  and 
ammonia,  and  filtered  without  applying  heat,  the  filtrate  acquiren,  upon  addition 
of  sulphuretted  hydrogen  water,  a  blackish-brown  color.  But  if  the  mixture  be- 
fore filtering  is  heated  for  a  short  time  nearly  to  boiling,  sulphuretted  hydrogen 
fails  to  impart  this  color  to  the  filtrate,  or,  at  all  events,  the  change  of  color  is 
hardly  visible  to  the  eye  looking  through  the  full  test-tube  from  t<he  top. 

84.  Determination  of  Antimony  as  Sulphide  (to  §  125,  1). 

0*559  grm.  of  pure  air-dried  tartar  emetic,  treated  according  to  §  125,  1,  gave 
0*2902  gfrm.  tersulphide  of  antimony  dried  at  100°,=  "2492  grm.  or  44*58  per  cent, 
of  teroxide  of  antimony.  Heated  to  blackening  in  a  current  of  carbonic  add,  the 
precipitate  lost  0*0079  grm.  (reckoned  from  a  part  to  the  whole),  leaving  accor- 
dingly 0*2823  grm.  of  anhydrous  tersulphide  of  antimony,  which  corresponds  to 
0*24245  gfim.  or  43  *87  per  cent,  of  teroxide  of  antimony.  As  the  tartar  emetic 
contains  43  '70  per  cent.  o%  teroxide  of  antimony,  the  process  gives,  if  the  precip- 
itate is  dried  at  100%  102  01 ;  if  heated  to  blackening,  99  22  instead  of  100. 

89.  Determination  op  Phosphoric  Acid  as  Pyrophosphate  op  Mag- 
nesia (to  §  184,  b,  a), 

1*9159  and  2*0860  g^^m.  pure  crystallized  phosphate  of  soda,  treated  as  directed 
§  134,  b,  a,  gave  0*5941  and  0*6494  grm.  of  pyrophosphate  of  magnesia  respec- 
tively. These  give  19*83  and  19*91  per  cent,  of  phosphoric  acid  in  phosphate  of 
soda,  instead  of  19*83  per  cent. 

90.  Determination  op  Phosphoric  Acid  as  Phosphate  op  Sesquioxtde 
OF  ITranium  (to  §  134,  c). 

80  o.  c.  of  a  solution  of  pure  phosphate  of  soda,  treated  with  sulphate  of  mag- 
nesia, chloride  of  ammonium,  and  ammonia,  as  directed  §  134,  b,  u,  gave  0*3209 
grm.  of  pyrophosphate  of  magnesia.  10  c.  c.  contained  accordingly  0*06982  grm. 
of  phosphoric  acid. 

10  o.  c.  of  the  same  solution  were  then  precipitated  with  acetate  of  sesquioxide 
of  uranium  as  directed.  §  134,  e.  The  ignited  precipitate  was  treated  with  a 
little  nitrio  acid,  then  again  ignited  ;  after  cooling,  it  weighed  0*3478  grm.  cor- 
responding to  0*06954  g^m.  of  phosphoric  acid. 

91.  Determination  of  Free  Sulphuretted  Hydrogen  by  Means  of 
Solution  of  Iodine  (to  §  148, 1. ,  a). 

The  experiments  were  made  to  settle  the  following  questions: — 

a.  Does  the  quantity  of  iodine  required  remain  the  same  for  solutions  of  sul- 
phuretted hydrogen  of  different  degrees  of  dilution  ? 

b.  Does  the  equation  HS-|-I=HI-i-S  really  represent  the  decomposition  which 
takes  place  ? 

The  sulphuretted  hydrogen  water  was  contained  in  a  flask  closed  by  a  doubly- 
perforated  cork ;  into  one  aperture  a  siphon  with  pinchcock  was  fitted,  to  draw 
off  the  fluid ;  into  the  other  aperture  a  short  open  tube,  which  did  not  dip  into 
the  fluid. 

Question  a. 

a.  About  30  c.  a  of  iodine  solution  were  introduced  into  a  flask,  which 
was  then  tared  ;  sulphuretted  hydrogen  water  was  added  until  the  yellow  color 
had  just  disappeared.  The  fla^  was  then  closed,  weighed,  starch  paste  added, 
and  tiien  solution  of  iodine  until  the  fluid  appeared  blue. 

70*2  grm.   H  S  water  required  23*4  a  o.  iodine  solution,  100  accordingly 
88-88a  a 

68*4  grm.  required  22*7  c.  c.  iodine  solution,  100  accordingly  33*20  c.  c. 
fi.  Same  process ;  but  the  fluid  was  diluted  with  water  free  from  air. 

61*5  grm.  H  S  water  +  200  grm.  water  required  20*7  c.  c.  iodine  solution, 
100  accordingly  33*65  c.  c. 

52*4  grm.  4-400  grm,  water  required  17 '7  a  c.  iodine  solution,  100  accord- 
ingly 33*77. 
The  iodine  solution  contained  0*00498  iodine  in  1  a   o.     Considering  that 
mddition  of  a  larger  volume  of  water  necessarily  involves  a  slight  increase  in  the 
quantity  of  iodine  solution,  these  results  may  be  considered  sufficiently  corre- 
sponding. 
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Question  b. 

According  to  /x,  100  grm.  of  the  H  S  water  cooiained  0*03215  gzm.  H  S, 
ing-  the  iiroportion  to  be  100 :  83*9. 

173*6  grm.  of  the  same  water  Were,  immediately  after  the  experimenta  in  a, 
drawn  off  into  a  hydrochloric  acid  solntion  of  arsenioufl  acid ;  after  24  honrs,  th« 
tersnlphide  of  arsenic  acid  was  filtered  off,  dried  at  100^,  and  weighed.  0  0920 
grm.  were  obtained,  which  corresponds  to  0*03814  H  S,  or  a  percentage  o^ 
002197. 

The  second  question  also  is  therefore  answered  in  the  affirmatlTe. 

92.  Solution  of  CnLORiDE  of  Magnesiitk  dissolves  Oxalate  of  Limb 
(to  §  154,  6). 

If  some  chloride  of  calcium  is  added  to  a  solution  of  chloride  of  maprnesimn, 
then  a  little  oxalate  of  ammonia,  no  precipitate  is  formed  at  first ;  but  upon 
slightly  increasing  the  quantity  of  oxalate  of  ammonia,  a  trifling  precipitate 
gradually  separates  after  some  time. 

If  an  excess  of  oxalate  of  ammonia  is  added,  the  whole  of  the  lime  is  thrown 
down,  but  the  precipitate  contains  also  oxalate  of  magnesia.  This  shows  that  tc 
effect  the  separation  of  the  two  bases  by  oxalate  of  ammonia,  the  reagent  must 
be  added  in  excess ;  whilst,  on  the  other  hand,  in  the  presence  of  much 
magnesia,  the  operator  must  expect  to  precipitate  some  of  the  magnesia,  as  the 
following  experiments  (No.  93)  clearly  show. 

98.  Separation  of  Lime  from  Magnesia  (to  §  154,  0). 

The  fluids  employed  in  the  following  experiments  were,  a  solution  of  dblo- 
ride  of  calcium.  10  c.  c.  of  which  oorrR<<ponded  to  0*5018  Oa  O,  C  O^ ;  a  soln- 
tion of  chloride  of  magnesium,  containing  0*250  Mg  O  in  10  c.  c.  ;  a  solution  ol 
chloride  of  ammonium  (1:8);  solntion  of  ammonia,  containing  10  per  oentk  N 
Hs ;  solution  of  oxalate  of  ammonia  (1  :  24) ;  acetic  acid,  containing  30  per  cent. 

A,  H  O. 

The  precipitation  was  effected  at  the  common  temperature  ;  the  precipitate 
of  oxalate  of  lime  was  filtered  off  after  20  hours. 

a.  Influence  of  the  degree  of  dilution. 

rt.  10  a  c.  Mg  CI,  10  o.  c.  Ca  CI,  10  c.  c.  N  H4  CI,  4  drops  N  H4O,  50  a  e. 

water,  20  c.  c.  2  N  H^  O.  6.     Result,  0*5705  Ca  O,  C  O,. 

/?.  Same  as  a,  with  150  c.  c.  water  instead  of  50  c.  a     Result,  0*5670  Ca 
O,  C  O,. 

b.  Influence  of  excess  of  ammonia. 

Same  as  a,  /?  + 10  c.  c.  N  H.O.     Result,  0*5614  grm.  Ca  O,  C  O*. 

c.  Influence  of  excess  of  chloride  of  ammonium. 

Same  as  a,  /y-i-40  c.  c.  N  H.Cl.    Result,  0*5652  grm. 

d.  Influence  of  excess  of  ammonia  and  chloride  of  ammonium. 

Same  as  «,  /^4-30  c.  o  N  H,a+ 10  c.  c.  N  H4O.     Result,  0*6618  grm 

e.  Influence  of  free  acetic  acid.         _ 

Same  as  a,  /^,  only  with  6  drops  A,  instead  of  the  4  drops  N  H4O.     Beenlt^ 
0*5594  grm. 
/.  Influence  of  excess  of  oxalate  of  ammonia,  in  feebly  alkaline  solution. 

Same  as  a,  0-^20  c  c.  2  N  H.  O.  O.    Result,  0*5644  grm.  Ca  O,  C  0«. 
g.  Influence  of  excess  of  oxalate  of  ammonia,  in  strongly  alkaline  solution 

Same  as  fl,  /3,  +  10  c.  o.  NH,O-f20  c.  c.  2  NH4O.  O.     Result,  0.5644 
h.  Influence  of  excess  of  oxalate  of  ammonia,  in  presence  of  much  N  H«C1  and 
NH4O. 

Same  as  a,  0,  +10  N  H,O+30  NH4CI+2O  2NH40,0.     Result,  0'5700 
grm. 
».  Influenoe  of  excess  of  oxalate  of  ammonia,  in  solution  slightly  acidified 

withi  _  •  _^ 

Same  as  a,  0,-A  drops  N  H«0  +  6  drops  A+20  o.  a  2  N  H4O,  a    BMolt, 
0-5661  grm. 
Consequently,  when  a  notable  amount  of  magnesia  is  present  there  is  always  m 
chance  of  oxalate  of  magnesia,  or  oxalate  of  magnesia  and  ammonia  precipitatiBg 
along  with  the  oxalate  of  lime. 
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Another  aeries  of  experiments  in  which  a  solution  of  oxalate  of  roa<:fnesia  iu 
hydrochloric  acid  was  mixed  with  ammonia  under  varying  circumstanceSf  proved 
also  that,  in  presence  of  a  notable  quantity  of  magnesia,  oxalate  of  magnesia,  ox 
oxalate  of  magnesia  and  ammonia,  ^"ill  always  separate  after  standing  for  some 
time,  no  matter  whether  in  a  cold  or  a  warm  place. 

In  a  third  series  of  experiments,  the  separation  was  effected  by  double  precip- 
itation, in  accordance  with  29-  "^he  same  solutions  were  employed  as  in  the 
first  series,  with  the  exception  of  the  chloride  of  maguesium,  for  which  a  solu  • 
tion  was  substituted  containing  0*2182  grm.  Mg  O,  in  10  c.  c 

10  o.  c.  CaOl+80  c.  o.  MgCl,+20  a  c.  NH^Cl^+SOO  c.  a  water, +C  drops 
ammonia,  4  a  sufficient  excess  of  oxalate  of  ammonia.  Kesults,  in  two  experi- 
ments, 0*5621  and  0*5652.  mean  0*5636,  instead  of  0*5618  Ca  O,  COj :  also  0*0060 
and  0-6489  M.8  O,  mean  0*6574,  instead  of  0*6546. 

04.  Separation  op  Iodine  from  Chlorine  by  Pisani's  Method  (to  S  169, 
204). 

0*2338  grm.  iodide  of  potassium,  dissolved  in  water, +i  c  c.  of  solution  oi 
iodide  of  starch,  required  14  c.  c.  of  decinormal  silver  solution  =  0*2322  grm. 
iodide  of  potassium. 

0*3025  grm.  iodide  of  potassium,  mixed  with  about  double  the  quantity  of 
chloride  of  sodium,  required  18*2  a  c.  silver  solution =0*3021  K  I. 

0*2266  grm.  iodide  of  potassium,  mixed  with  about  100  times  as  much  chloride 
of  sodium,  required  13 '7  c.  c.  silver  solution  =  0*2272  K  I. 

95.  Separation  op  Iodine  from  Bromine,  by  Pisani's  Method  (to  §  169, 
209). 

0*3198  grm.  iodide  of  potassium,  mixed  with  double  the  quantity  of  bromide 
of  potassium,  required  19*2  c.  c.  of  decinormal  silver  solution  =  0*3187  K  L 

99.  Ghlorimetrical  Experiments  (to  §  213). 

10  grm.  of  chloride  of  lime  were  rubbed  up  with  water  to  one  litre,  with  which 
the  following  experiments  were  made  : — 

a.  By  Penot'b  method  (g  212) ;  obtained  23*5  and  23*5  per  cent. 

b.  By  means  of  iron  (g  213.  mudification) ;  obtained  23*6  per  cent. 
6.  By  BuNSEN's  method  (p.  508,  C) ;  results,  23*6 — ^23*6  per  cent. 

100.  Drying  of  Manganese  (to  §  214, 1.) 

Four  small  pans,  containing  each  8  grm.  of  manganese  of  53  per  cent. ,  were 
first  heated  in  the  water-bath.  After  3  hours,  I.  ha^  lost  0  145 ;  after  G  hours, 
IL  0*15;  after  9  hours,  IIL  0*15;  after  12  hours,  IV.  015.  grm.  I.  and  IL 
having  been  left  standing,  loosely  covered,  in  the  room  for  12  hours,  II.  was 
found  to  weigh  exactly  as  much  as  at  first ;  L  wanted  only  0*01  gruL  of  the  ori- 
ginal weight. 

The  four  pans  were  now  heated  for  two  hours  to  120'.  After  cooling,  they 
were  found  to  have  lost  each  0*180  of  the  original  weight.  I.  and  IL  having 
been  left  standing,  loosely  covered,  in  the  room  for  60  hours,  were  found  to  have 
again  acquired  their  original  weight  by  attracting  moisture.  Ill,  and  IV.  were 
heated  for  2  hours  to  150'.  The  loss  of  weight  in  both  cases  was  0*215  grm. 
Having  been  left  standing,  loosely  covered,  in  the  room  for  72  hours,  both  were 
found  to  weigh  0*05  less  than  at  first.  Assuming  the  hygroscopic  moisture  ex- 
pelled to  be  re-absorbed  by  standing  in  the  air,  &is  shows  that  at  150"*  a  little 
chemically  combined  water  escapes  along  with  the  moisture,  and  accordingly 
that  the  temperature  must  not  exceed  120^. 

My  experiments  will  be  found  described  in  detail  in  Dingler^s  polyt.  Jouni., 
135,  277  et  aeq. 
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TABLES  FOR  THE  CALCULATION  OF  ANALYSES. 


TABLB  I. 


BQUIVALBITTS  OF  THE  ELBMEKTS  C0N8IDEBED  IN  THE  PRSBBlTr  WORK.* 


Alnminium  Al 

Antimony  Sb 

Arsenic  As 

Barium  Ba 

Bismath  Bi 

Boron  B 

Bromine  Br 

Cadmium  Gd 

CaEisium  Gs 

Calcium  Ca 

Carbon  0 

Chlorine  CI 

Chromium  Cr 

Cobalt  Co 

Copper  Ou 

Fluorine  Fl 

Gold  Au 

Hydrogen  H 

Iodine  I 

Iron  Fe 

Lead  Pb 

Lithium  Li 

Magnesium  Mg 

Manganese  Mn 

Mercury  Hg 

Molybdenum  Mo 

Nickel  Ni 

Nitrogen  N 

Oxygen  O 

Palladium  Pd 

Phosphorus  P 

Platinum  Pt 

Potassium  K 

Rubidium  Rb 

Selenium  Se 

Silicon  Si 

Silver  Ag 

Sodium  Na 

Strontium  Sr 

Sulphur  8 

Thallium  Tl 

Tin  Sn 

Titanium  Ti 

Uranium  XJr 

Zinc  Zn 


13-75  (Dumas) 

122  00  (Dumas) 

75*00  (Pblouze,  Bebzblius) 

68-50  (Dumas) 

208 -OOf  (ScHNKroER) 

1 1  -00  (Bekzelius) 
80-00  (Mabionac) 
56  00  (C.  V.  Hauer) 

133  00  (Johnson  and  Allen,  Bunsbn) 

20  00  (Dumas,  Erdmann  and  March  and) 

6-00  (Dumas,  Eudmann  and  Marchand) 

85-46  (Marionac,  St  as) 

20-24  (Berlin,  P6lioot) 

29-50t  (RoTHOPF,  Dumas) 

81*70  (Erdmann  and  Marchand) 

19  00  (LOUYET) 

196*00  (Comp.  Strecker,  loa  oit) 

1  -00  (Dumas) 

127*00  (Marignac,  Dumas) 

28  00  (Erdmann  and  M^archand) 

103*50  (Berzelius,  Dci^as) 

7  00  (C.  DlEHL,  Troost) 

12  00  (Marchand  and  Scheereb) 
27-50  (V.  Hauer,  Dumas) 

100  00  (Erdmann  and  Marchand) 

46*001  (Berlin) 

29-501  (RoTHOPF,  Marionac,  Dumas) 

14  00  (Marionac) 


8-00 
53-00 
31*00 
98-94 
39-11 
85-40 


(Berzelius.  oomp.  Strecker,  loacit) 

(SCHRoTTER) 

(Andrews) 
(Marionac,  Stas) 
_        (Bunsen,  Piccard) 
QQ.R«*    <  (Berzelius,  Sacc,  Erdmann,  and 

}       MARCHAND—mean) 
14-OOtt  (Dumas) 
107*97     (Marionac) 
23  00     (Pelouze,  Stas) 
43-75      (Dumas) 

16-00     (Erdmann  and  Marchand) 
203-OOtt  (Crookes) 
59-0011    (Dumas) 
25-00      (Pierre) 
59  -40H(Ebelmen) 
82*53     (Axel  Erdmann) 


*  It  has  been  necessary  to  alter  the  nambers  in  some  oases  where  no  now  special  ex|<criTnents  hnn 
Docn  mndo.  This  nroM  trom  the  fact  that  the  numbers  in  question  were  deduced  from  other  oqniva- 
leutA  which  have  since  iKKsn  corrected.  Those  who  are  carious  in  the  matter  of  eqtiiyalents  should  r^ 
fer  to  Handwfirterbuch  dcr  reincn  und  angcwandten  Chcmie,  8  Aufl.  Bd.  11.  4Wi^  article  Atomgo- 
wicfate,  by  A.  Strecker.  With  respect  to  the  equivalents  that  have  recently  beenrodutennincd,  oomp. 
SSeltschrift  f.  Anal.  Chem. 

W.  J.  Rnssell  found  S9-S7.    (Joum.  Cbem.  Soc.  (3).  L  61.) 
W.  J.  RuAfleU  found  S9-87  (loc.  cit). 
SiUcic  Acid- Si  Qi.  tt  After  Lamy  904  Oa 

^^  Comp.  p.  141;  note  t. 


t  Dumas  makes  310-00. 
I  Dumas  makes  it  48*0a 
'•  Dumas  found  39-75.  tt 

II  After  Holder  58-Oa 


\ 
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TABUI   II. 


TABLE  n. 


OOIIFOSITION  OV  THB  BASB8  AND  OXYGBN  ACIIML 


a.  BABE& 


GB0U1»  I. 


Csasia 


Babidia 


Potaan 


Boda 


^ 


lathia 


Oxide  of  Ammoninm 


Group  IL 


Bazyta 


Strontia 


Lima 


MagnMto 


C8    .       . 

0     .     . 

.     .  138^    . 
.     .      8-00    . 

.  04^ 
.      6-67 

gro    . 

.     .  141O0    • 

.  100^ 

Bb  .     . 
0    .     . 

.     .    85-40    . 
.      800    . 

.  01-43 
.      8-67 

BbO    . 

.    03-40    . 

.  100-00 

0    .     . 

.     .    89-U    . 
.      800    . 

.  83-02 
.     16-08 

KG.     , 

.     .    47-11     . 

.  100-00 

Na  .     . 
0    . 

.     .    23-00     . 
.     .      8-00    . 

.  74-19 
•    25-81 

KaO    . 

,     .    8100    . 

.  100  00 

Li   .     . 
0    .     . 

.      7-00    . 
.      8-00    . 

.  46-67 
.    63-33 

LiO     . 

.    1600    . 

.  loo-oo 

NH4    . 
G     .     . 

.    1800    . 
.      8-00    . 

.  69-23 
.    80-77 

NH«0. 

.     .    26-00    . 

.  lOODO 

Ba  .     . 
G    .     . 

,     .    68-50     . 
.      8-00     . 

80-54 
.     10-46 

BaG    . 

.     .    76-50    . 

.  100-00 

Sr  .     , 
G     .     , 

.     .    43-75    . 
.     .      8-00    . 

.  84-54 
.     15-46 

SrG     , 

.     .    61-75    . 

.  100-00 

Ca  .     . 
G     . 

.     .    2000    . 
.     .      800    . 

.  71  -48 
.     28-57 

GaG    . 

.     .    28-00    . 

.  100-00 

G    . 

.     .    12-00    . 
.     .      8-00    . 

.  60-08 
.    89-97 

MgG 


20-00 


.  100-00 
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Oroup  ni 


Al,  . 
0,  . 


A1,0, 


27  50 
24-00 


51fl0 


63-40 
46-60 


.  10000 


flesquiozide  of  Cfaromiam 


Or. 
O,  . 


CraOf  . 


52-48 
24-00 


«  • 


76-48 


68-62 
31-38 


100-00 


Group  Hk 
Oxide  of  Zino 


Protoxide  of  Hanganeae 


hesqnioxide  of  Manganeiie 


pKDtoxlde  of  Nickel 


Zn  . 
0    .     . 

.     .    32-53    . 
800    . 

.  80-26 
.     19-74 

ZnO     . 

.    40-53    . 

.  100  00 

Mn 
0    .     . 

.     .    27-50    . 
.     .      8-00    . 

.  77-46 
.     22-54 

MnO   . 

.     .     85-50     . 

.  100-00 

O,  .     . 

.     .     55-00     . 
.     .     24-00    . 

.  69-62 
.     80  38 

Mn,0, 

.     .     7900     . 

.  100-00 

Ni  . 
0     . 

.     .     29  50     . 

.     .      800    . 

.  78-67 
.     21-33 

NiO 

.     .    3750     . 

.  100-00 

Protoxide  of  Cobalt 


fleaqprioxide  <rf  Gobolt 


Protoxide  of  Iron 


Seaqtdoxide  of  Iron 


Go  . 
0    .     . 

.    29-50    . 
8-00    . 

.  78-67 
.     21-33 

CoO    . 

.    87-60    . 

.  100-00 

Goa 

0,   .      . 

.    69-00    . 
.    2400    . 

.  71-08 
.     28  92 

Co,Ot  . 

.    88-00    . 

.  100-00 

Fe  .     . 
0    .     . 

.    2800    . 
800    . 

.  77-78 
.     22  22 

FeO    . 

.    36-06    . 

.  100  00 

Fe,.    . 
0,  .     . 

.    56-00    . 
.    24-00    . 

.  70  00 
.     30-00 

FeaOt  . 


80  "OO 


100-00 


Oboup  V. 
Oxide  of  Sihm 


AfiT. 
O    . 


.  107-97 
8W 


9310 
6-90 


Ago 


.  116-97 


.  100  00 
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Bnbozide  of  Heioiuj 


Oxide  of  Mercoxy 


Suboxide  of  Copper 


Oxide  of  Copper 


Teroxlde  of  Bismuth 


Oxide  of  Cadmium 


Group  VL 
Teroxide  of  Qold 


Binoxide  of  Platinum 


Teroxide  of  Antimony 


Protoxide  of  Tin 


Binoxide  of  Tia 


Pb  .     . 
0    .     . 

.     .  103-50    . 
.     .      800    . 

.  926S 
.      717 

PbO 

.     .  111-60    . 

.  lOOOG 

Hers    . 
0  .    . 

.     .  200-00    . 
.     .      8-00    . 

.  9615 
.      886 

Hg,0  . 

.     .  208-00    . 

.  100-00 

0*.  : 

.     .  10000    . 
§-00    . 

.    92-69 

.       7-41 

HgO    . 

.     .  108-00    . 

.  100-00 

Cua       . 
0    .     , 

.    63-40    . 
.     .      8-00     . 

.  88-80 
.     11-20 

CUaO    , 

.    71-40     . 

.  100-00 

Cu.     . 
0    .     . 

.     .    81-70    . 
.     .      8-00     . 

.  79-86 
.     20-16 

CuO   . 

.     .    89-70     . 

.  100-00 

Bi  .     , 
0,  .     . 

.  208-00     . 
.     24-00     . 

.  89-66 
.     10-84 

BiO,   , 

.     .  232-00     . 

.  100-00 

Od.     , 
0    .     , 

.     .    66-00     . 
.      800     . 

.  87-50 
.     12-50 

CdO 


64-00 


.  100-00 


Au 
0.  . 

.     .  190-00     . 
.     .     24-00     . 

.  89-09 
.     10-91 

AuOt  . 

.     .  220-00    . 

.  100^ 

Pt  .     . 
0,  . 

.     .    98-94    . 
.     .     ICOO     . 

.  8608 
.     13-02 

PtOa    . 

.     .  114-94     . 

.  lOOOO 

Sb. 
0,  . 

.     .  122-00     .     . 
.     .     24-00     . 

.  83-56 
.     16-41 

SbO, 

.     .  146-00     . 

.  100-00 

Sn. 
0    . 

.     .    69-00    . 
.     .      8-00    .     . 

.  88-06 
.     11-94 

SdO    . 

.    67-00    .     . 

100-00 

Sn.     . 
0.   . 

.    6900     .     . 
.     .    16-00     . 

78-67 
.    21-88 

SnO. 

.     .    76-00 

.  100-00 

Aisenions  add 


Aisenioadd 
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As  .  .  .  75-00 
0,  .     .     .    2400 

.  .  75-76 
.     .     24-24 

AbOi  .     .     99-00 

.     .  10000 

As.  .  .  7500 
0.  .     .     .    40-00 

.  .  65-29 
.     .     34-78 

AbO.   .     .  115-00 


.  100-00 


b,  Acms. 


Ghromioaoid 


Solphtuic  add 


Phosphorio  add 


Boradoadd 


Ozalio  add 


Carbonic  add 


Silidoadd 


Nitric  add 


OhloiioMU 


Cr  .     . 
0,  .     . 

,     .    26-24     . 
.    2400    . 

.    52-23 

.     47-77 

CrOb   . 

.    60-24    . 

.  100  00 

S     . 
0,   . 

.     .     16-00     . 
.     .    24-00     . 

.  40-00 
.     60.00 

so. 

.     .    4000    . 

.  100-00 

p  .   . 

0.  . 

.     .     3100     . 
.     .     4000     . 

.  43-66 
.    56-34 

P05 

.     .     7100     . 

.  100-00 

B    . 
0,  . 

.     .     1100     . 
.     .     2400     . 

.  31-43 
.     68-57 

BO,     . 

.     .     3500     . 

.  100-00 

O4  . 
0.  . 

.     .     24-00     . 
.     .     48  00     . 

.  33-33 
.     66-67 

O4O. 

.     .     7200     . 

.  100  00 

0    . 
0,  . 

.     .       600     . 
.     .     1600     . 

.  27-27 
.     7273 

CO,     . 

.    22  00     . 

.  10000 

Si   .     , 
0,  .     . 

.     .    14-00    . 
,     .     1600    . 

.  46-67 
.     53-33 

SiO,    . 

.     .    8000     . 

.  100-00 

N   .     . 
0.  .     . 

.     .     14-00     . 
.     .    4000     . 

.  25-93 
.     7407 

NO5    . 

.     5400    . 

.  10000 

CI  .     . 
0,  . 

.     .    35-46     . 
.     .    4000     . 

.  46-99 
.     53  01 

CIO. 


76-46 


.  lOOOC 
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TABLE  m. 

RBmrCTION  OP  COMPOUNDS  FOUND  TO  CONSTITUENTS  SOUGHT   BT   SllfPLS 

MULTIPLICATION  OR  DITI8ION. 

This  Table  contai&fl  <m]y  some  of  the  noire  frequently  occurring  oomponnda ; 
the  formulee  preceded  by  !  give  absolutely  accurate  results.  The  Table  maj 
also  be  extended  to  other  oompounds,  by  proceeding  according  to  the  iaetrao- 
UoDB  giTen  in  )§  IS^. 

FOR  INORGANIC  ANALYSIS. 

CARBONIC  ACID. 

I  Carbonate  of  lime  x  0*44=€arbonic  opid. 

CHLORINK. 

Chloride  of  silyerx  0*24724= Chlorine. 

COPPER. 

Oxide  of  oopper  x  0 '79849  =Copper. 

IRON. 

1  ScRquioxide  of  iron  x  0'7=2  Iron. 

1  Sesquioxide  of  iron  x  0*9^2  Protoxide  of  Iron. 

LEAD. 

Oxid&  of  lead  x0 1)283 =Lead. 

MAGNESIA. 

Pyrophosphate  of  magnesia  x  0*36036=2  Magnesia. 

Manganese. 

Protosesqttioxide  of  manganese  x  0'720''>2=3  Manganese. 
Protosesquiozide  of  manganese  x  0  030 18 =3  Protoxide  of  manganesi. 

pnosritoRic  acid. 

Pyrophosphate  of  magnesia  x  0*6396= Phosphoric  acid. 
Phosphate  of  eeequioxide  of  Uranium  (2  Ur^  Oj,  P0»)  x  0*1091  =Fho0phatl« 
acid. 

POTASSA. 

Chloride  of  potassium  x  0*52445 =Potas8ium. 
Sulphate  of  potassaxO-5408=Potas8a. 
Potassio-bichloride  of  platinum  x  0*30507  ^ 

Potassio-bichloride' of  platinum  f  -Chloride  of  potassll 

3-27»  J  J 
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PotuBsio-biohloride  of  platinum  x  0-19372> 

or 
Potasdo-bichloride  of  platmnm 


5  188 


]- 


80DA. 


Chloride  of  Bodium  x  0-6802=Soda. 
Sulphate  of  soda  x  0*43658= Soda. 


BULFHXnL 

Sulphate  of  baiyta  x  0*18734=Siilphiiz. 

SUIiFUUJUO  ACID 

Sulphate  of  baiyta  x  0 -84335 =Salphizrio  add. 


FOB  OBGANIO  ANALYSIS. 

OABBON. 


Oarbonio  acid  x  0*2727 

or 
Carbonic  acid 

3-666 
or 
Carbonic  acid  x  3 

U 


=Carbaii. 


HTDBOGEV. 


Water  xOlUU^ 

Water  f  =Hydrogen. 


JUTUOGEBL 

Ammonio-bichloride  of  platinum  x  0'06269=:Nitnfi(OB. 
Platinum  x  0-1415=Nitrogen. 
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TABLB 

Showing  the  Amonnt  of  the 

Number  of  the 


Blflmaiti. 

Found. 

Sought 

1 

AhiTnininm . . 

Alumina 

Aluminium 

0-53398 

K\  0, 

Al, 

(Ammoniam) 

Chloride  of  ammonium 

Ammonia 

0-31804 

NH4CI 

NH, 

Ammonio-bichloride  of  platinum 

Oxide  of  ammonium 

011644 

N  H4  01,  Pt  CI, 

NH,  0 

Ammonio-bichloride  of  platiiram 

Ammooi* 

007614 

N  Hi  CI,  Pt  CI, 

NH, 

Antimonj... 

Teroxide  of  antimony 

Antimony 

083562 

SbO, 

Sb 

Tersulphide  of  antimony 

Antimony 

0-71765 

SbS, 

Sb 

Teraulphido  of  antimony 

Teroxide  of  anttmony 

0^5882 

SbS, 

SbO, 

Antimonious  acid 

Teroxide  of  antimony 

0-94fi05 

SbOi 

SbO, 

Azaenia 

Arscnious  acid 

Arsenio 

0-75758 

AsO, 

As 

Arsenic  add 

Arsenio 

0-65217 

AsO« 

As 

Arsenic  acid 

Arsenious  add 

0-86087 

AsOs 

AsO, 

Tersulphide  of  arsenio 

Arsenious  add 

0-80488 

AsS, 

AsO, 

Tersulphide  of  arsenio 

Arsenio  add 

0-93496 

f 

AsS, 

AsO, 

Arseniate  of  ammonia  and  magnesia 

Arsenic  add 

0-60526 

2MgO,  NH,0,A8  05-+-aq 

ArO* 

Arseniate  of  ammonia  and  magnesia 

Arsenious  add 

0-52105 

2MgO,NH4  0,  AsO. -haq 

AsO, 

Bariam. 

Baryta 

Barium 

0-89542 

BaO 

Ba 

Sulphate  of  bazyta 

Baryta 

0-65665 

Ba  0,  S  O3 

BaO 

Carbonate  of  baryta 

Baryta 

0-77665 

Ba  0,  C  Oa 

Ba  0 

Silico-fluoride  of  barium 

Baryta 

0-54839 

Ba  Fl,  Si  Fl, 

Ba  0 

Bismuth..... 

Teroxide  of  bismuth 

Bismuth 

0-89655 

BiOa 

Bi 

Boron. 

Boracic  aoid 

Boron 

0-31429 

BO, 

B 

Bromine. .... 

Bromide  of  silyer 

Bromine 

0-42560 

AgBr 

Br 

Cadmium.... 

Oxide  of  cadmium 

Cadmium 

0-87500 

CdO 

Cd 

Caldnm. .... 

Lime 

Caldum 

0-71429 

CaO 

Ca 

Sulphate  of  lime 

Lime 

0-41176 

Ca  0.  S  Oa 

CaO 

Carbonate  of  lime 

Lime 

0-66000 

Ca  0,  C  Oa 

CaO 

Carbon 

Carbonic  acid 

Carbon 

0-27273 

COa 

C 
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IT. 

Constitaexit  sought  for  eyery 
Compound  found. 


H 

8 

4 

6 

6 

V 

8 

» 

1-06796 

1-60194 

2-13592 

2-66990 

8-20389 

• 

3-73787 

4-27185 

4-80583 

0-63606 

0-95418 

1-27217 

1-59021 

1-90825 

2-22629 

2-54438 

2-86287 

0^38288 

0-34932 

0-46576 

0-58220 

0-69864 

0-81508 

0-93152 

1-04796 

0-15228 

0-22842 

0-30456 

0-88070 

0-45684 

0-53299 

0-00913 

0-68527 

1-67123 

2-50685 

3-34247 

4-17808 

5  01370 

5^932 

6-68194 

7-52059 

1-43529 

2-15294 

2-87059 

3-58834 

4-30588 

5-02353 

5-74118 

6-45882 

1-71765 

2-57647 

3-43530 

4-29412 

5-15294 

6-01177 

6-87059 

7-72942 

1-89610 

2-84416 

3-79221 

4-74026 

5-68831 

6^636 

7-58442 

8-58247 

1  -51516 

2-27274 

3  03032 

3-78790 

4-54548 

5*80306 

6-06064 

6-81822 

1-30435 

1-95652 

2-60870 

3-26087 

3-91804 

4-56522 

5-21789 

5-86957 

1  -72174 

2-58261 

3-44348 

4-30435 

5-16621 

6  02608 

6-88605 

7-74782 

1-60975 

2-41463 

3-21951 

4-02439 

4-82927 

5-63415 

6-48902 

7-24890 

1-86992 

2-80488 

3-73984 

4-67480 

5-60975 

6-54471 

7-47967 

8-41463 

1-21053 

1-81579 

2-42105 

3-02631 

3-63158 

4-23684 

4-84210 

5-44737 

1-04210 

1  -56316 

2-08421 

2-60526 

3  12631 

3-64736 

4-16842 

4-68947 

1-79085 

2-68627 

3-58170 

4-47712 

5-37255 

6-26797 

7-16340 

8  05882 

1  -31330 

1  -96996 

2-62661 

8-28826 

3-93991 

4-59656 

5-25322 

5-90987 

1-55330 

2-32995 

3-10660 

3-88325 

4-65990 

5-43655 

6-21320 

6-98985 

1-09677 

1-64516 

2-19355 

2-74194 

3-29082 

3-83871 

4-38710 

4-93548 

1  79310 

2-68965 

3-58620 

4-48275 

5-37930 

6-27586 

7-17240 

8-06805 

0-62857 

0-94286 

1-25714 

1-57143 

1-88672 

2-20000 

2-51429 

2-82857 

0-85120 

1-27680 

1-70240 

2-12800 

2-55860 

2-97920 

3-40480 

3-83040 

1-75000 

2-62500 

3-50000 

4-87500 

5-25000 

6-12500 

7-00000 

7-87500 

142857 

214286 

2-85714 

3 -57148 

4-28571 

5-00000 

5-71429 

6-42857 

0-82858 

1-23529 

1-64706 

2-05882 

2-47059 

2-88285 

8-29412 

3-70588 

1-12000 

1-68000 

2-24000 

2-80000 

8*86000 

8-92000 

4-48000 

5-04000 

0-54540 

0-81818 

1-09091 

1-36364 

1-63636 

1-90909 

2-18181 

2-45455' 
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BlemflotB. 

Found. 

Sooffht. 

1 

GarbozL 

Carbonate  of  lime 

Carbonic  add 

0*44000 

Ca  0,  C  0, 

COa 

Chlorine 

Chloride  of  silyer 

Chlorine 

0-24734 

AgCl 

CI 

Chloride  of  eilver 

Hydrochloric  acid 

0*25421 

AgCl 

HCl 

Chromium. . . 

Sesquioxide  of  chromium 

Chromium 

0*68819 

Cr,0, 

Cra 

Sesquioxide  of  chromium 

Chromic  acid 

1*31381 

CraO, 

2CrO, 

Chromate  of  lead 

Chromic  acid 

0-31062 

Pb  0,  Cr  0, 

CrO, 

Cobalt 

Cobalt 

Protoxide  of  cobalt 

1*27119 

Co 

CoO 

Sulphate  of  protoxide  of  cobalt 

Protoxide  of  cobalt 

0-48387 

Co  0,  8  Oa 

CoO 

Sulphate  of  cobalt  +  sulphate  of 

Protoxide  of  cobalt 

0  18015 

potassa 

2CoO 

2(CoO,  S0,)  +  3(K0.S0,) 

Sulphate  of  cobalt  -f  sulphate  of 

Cobalt 

014171 

potassa 

2Co 

2(CoO,  SO.) +  8 (KG,  8  0.) 

Copper 

Oxide  of  copper 

Copper 

0-79649 

CuO 

Cu 

Subsulphide  of  copper 

Copper 

0-79849 

Cu,  S 

Cua 

Fluorine 

Fluoride  of  calciuin 

Fluorine 

0-48718 

CaFl 

Fl 

Fluoride  of  silicon 

Fluorine 

0-73077 

SiFla 

Fla 

Hydrogen. . . 

Water 

Hydrogen    . 

OllUl 

HO 

H 

Iodine 

Iodide  of  silver 

Iodine 

0-54049 

Agl 

I 

Protiodide  of  palladium 

Iodine 

0*70556 

Pdl 

I 

Iron 

Sesquioxide  of  iron 

Iron 

0-70000 

Fe,  0, 

Fea 

Sesquioxide  of  iron 

Protoxide  of  iron 

0-00000 

Fe,  0., 

2FeO 

Sulphide  of  iron 

Iron 

0-63636 

FeS 

Fe 

Lead 

Oxide  of  lead 

Lead 

092825 

PbO 

Pb 

Sulphate  of  lead 

Oxide  of  lead 

0-73597 

Pb  0,  S  Oa 

PbO 

Sulphate  of  lead 

Lead 

o-essii 

Pb  0,  S  0, 

Pb 

Sulphide  of  lead 

Oxide  of  lead 

0^93305 

PbS 

PbO 

Lithium..... 

Carbonate  of  lithia 

Lithia 

0-40541 

Li  0,  C  Oa 

Li  0 

Sulphate  of  lithia 

Lithia 

027278 

Li  0,  S  0, 

LiO 

Basic  phoAphaie  of  lithia 

Lithia 

0-88793 

• 

3  Li  0,  P  0» 

8  LiO 
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(eonU/meit), 


3 

8 

4 

6 

6 

7 

8 

9 

0-88000 

1-32000 

1-76000 

2-20000 

2-61000 

3-08000 

3*52000 

3-96000 

0-49448 

0-74172 

0-98896 

1-28620 

1-48344 

1-73068 

1-97792 

3-33516 

0-50843 

0*76263 

1-01684 

1-27105 

1-52526 

1-77947 

2  03368 

3  38789 

1-37238 

2  05858 

2-74477 

3-43096 

4-11715 

4-80334 

5-48954 

6  17573 

2-62763 

3-94142 

5-25523 

6-56904 

7-88285 

9-19666 

10-61046 

11-83437 

0-62134 

0-93187 

1-24249 

1-55311 

1-86373 

2-17435 

2-48498 

3-79560 

2-54237 

3-81356 

5-08474 

6-35593 

7-62712 

8-89830 

10-16949 

11-44067 

0-96774 

1-45161 

1-93548 

2-41935 

2-90323 

3-38710 

3-87097 

4-35484 

0-36029 

0-54044 

0-72058 

0-90073 

1-08088 

1  -26102 

1-44117 

1  -63131 

0-28343 

0-42514 

0-56686 

0-70857 

0-85029 

0-99200 

1-13372 

1-37543 

1-59698 

3-39547 

3-19396 

3-99244 

4-79093 

5-58942 

6-38791 

7-18640 

1-59698 

2-39547 

3-19396 

3-99244 

4-79093 

5*58942 

6-38791 

718640 

0-97436 

1  -46154 

1  -94872 

2-43590 

3-93307 

3-41027 

3-89743 

4-38461 

1-46154 

2-19231 

2-92308 

3-65385 

4-38461 

5  11638 

5-84615 

6-67093 

0-22222 

0-33333 

0-44444 

0-55555 

0-66667 

0-77778 

0-88889 

1-00000 

1-08099 

1-62148 

2-16198 

2-70347 

3-24297 

3-78346 

4-32396 

4-86445 

1-41111 

2-11667 

2-82223 

8-62778 

4-23334 

4-93889 

5-64445 

6-35000 

1;40000 

210000 

2-80000 

3-50000 

4-20000 

4-90000 

5-60000 

6-30000 

1-80000 

2-70000 

3-60000 

4-50000 

5-40000 

6-30000 

7-20000 

8-10000 

1  -27273 

1-90900 

3-54546 

3-18182 

3-81818 

4-45465 

5-09091 

5-73738 

1-86650 

2-78475 

3  71300 

4-64126 

5-56951 

6  49776 

7-42601 

8-35436 

1-47195 

220792 

2-94390 

3-67987 

4-41584 

5-15182 

5-88779 

6-63377 

1-36634 

2-04950 

2-73267 

3-41584 

4-09901 

4-78218 

5-46634 

6-14851 

1-86611 

2-79916 

3-73233 

4  •66537 

5-59832 

6-53138 

7-46443 

8-39749 

0-81081 

1-21622 

1-62162 

2-02708 

2-43243 

2-83784 

3-24334 

3-64865 

0-54545 

0-81818 

1-09091 

1-36364 

1  -63636 

1-90909 

2-18182 

3-45454 

0  77586 

1-16379 

1-55172 

1-93966 

2-32759 

2-71652 

3-10345 

8-49138 
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1 

TABLE  IV, 

ElMnonti. 

Found. 

Boogkt 

1 

Magnesium. . 

Magnesia 

Magnesium 

o-i&m 

MgO 

Mg 

Snlpbate  of  m^igneiBia 
MgO,  80, 

Magnesia 
1^0 

0-88860 

Pyrophosphate  of  nmgned» 

Magnesia 

0*96098 

2Mg0,P0. 

2  MgO 

Manganese.. 

Protoxide  of  manganese 
MnO 

Manganese 
Mn 

017465 

Protosesqnioxide  of  maogsnese 

Manganese 

0-73052 

Mn  0+MnaOa 

Mut 

Sesqnioxide  of  xuanganese 
Mn,0, 

Manganese 
^         Mn, 

0-08620 

Sulphate  of  protoxide  of  manganese 

Protoxide  of  msa^ganese 

0-47020 

Mn  0,  S  0, 

MnO 

Sulphide  of  manganese 

Prot<»ude  of  manganese 

O-81O00 

MnS 

MnO 

Sulphide  of  manganese 
MnS 

Manganese 

0-08218 

Mercoxy 

Merouiy 

Suboxide  of  merouiy 

1-04000 

Hg, 

Hg,0 

MerQUiy 

Oxide  of  mercuzy 

1-06000 

Hg 

HgO 

Subchloride  ofi  meroniy 

Mercmy 

0-84049 

HgaCl 

Hg, 

Sulphide  of  mercuzy 

Merouiy 

086207 

HgS 

Hg 

Nickel...... 

Protoxide  of  niokel 

Nickel 

0-78667 

NiO 

Ni 

Nitrogen. . . . 

Ammonio-bichloride  of  platiniun 

Nitrogen 

0-06071 

N  H,  CI.  Pt  01, 

N 

Platinum 

Nitrogen 

014155 

Pt 

N 

Sulphate  of  hagrt^L 

Nitric  sold 

0  46352 

Ba  0,  S  0, 

N0» 

Cyanide  of  silver 

Cyanogen 

0-10410 

AgCN 

C,N 

Cyanide  of  silrer 

Hydrocyanio  add 

0-20156 

AgCN 

HC,N 

Oxygen 

Alumina 

Oxygea 

0-46602 

Al,  0, 

0, 

Terozide  of  antimony 

Oxygen 

0'W88 

8b  0, 

0, 

Azsenious  add 

Oxygen 

0-24d42 

AsOs 

Axsenioaoid, 

Oxygen 

0-34783 

AsO^ 

0, 

Baryta 

Oxygen 

O-lOtfO 

BaO 

0 

Teroxide  of  biismnth 
BiO, 

Oxygen 

O-Utttf 

Oxide  of  oadnwun 

Oxygen, 

0*12500 

OdO 

0 

Sesquioxide  of  dhxominm 

Oxj^ren: 

0-81381 

Cr,0« 

o. 

Protoxide  of  oobalt 
GoO 

Oxjsen 

O-fiOSS 

TABU  19. 
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{/anUimu^ 


a 

8 

4 

6 

6 

7 

8 

9 

l-aOMl 

1-80001 

2-40121 

8-00151 

8-60182 

420212 

4-80242 

5-40078 

9-69700 

100051 

1-33401 

1  -66751 

200101 

2-88451 

2-66802 

3  •00152 

0^78072 

1-08198 

1-44144 

1-80180 

2-16216 

2-52252 

2-88288 

3-24324 

1-54980 

2  32394 

8-09859 

8-87324 

4-64789 

542254 

619718 

6-97183 

1-44105 

2  16157 

2-88210 

8-60262 

4-32314 

5-04367 

5-76419 

6-48472 

1-3P841 

2-08861 

2-78481 

8-48102 

4-17722 

4-87342 

5-56962 

6-26583 

O-MMO 

1-41060 

1-88080 

2-85099 

2-82119 

8-29189 

376159 

4-23179 

1-68218 

2-44828 

3-26437 

4-06046 

4-89655 

5-71264 

6-52874 

7-34488 

1-9B487 

1-89665 

2-52874 

8-16092 

8-79310 

4-42529 

5-05747 

5-68966 

008000 

3-12000 

4-16000 

5-20000 

6-24000 

7-28000 

8-32000 

9-36000 

S  16000 

3-24000 

4-32000 

5-40000 

6-48000 

7-66000 

8-64000 

9-72000 

1 -69880 

2  54820 

8-39760 

4-24701 

5-09641 

5-94581 

6-79521 

7-64461 

1-72414 

2-58621 

8-44828 

4-31034 

5-17241 

6-03448 

6-89655 

7-75862 

1-67883 

2-36000 

3-14667 

3-93333 

4-72000 

5-50667 

6  29334 

7-08000 

0-12542 

0-18812 

0-25083 

0-31354 

0-87625 

0-48896 

0-50166 

0-56437 

0-28310 

0*42464 

0-56019 

0-70774 

0-84929 

0-99084 

113238 

1-27393 

0-02704 

1-39056 

1-85408 

2-31760 

2-78111 

8-24463 

3-70815 

4-17167 

0-88820 

0-58230 

0-77040 

0-97050 

1-16460 

1-35870 

1-55280 

1-74690 

0-40812 

0-60468 

0-80624 

1-00780 

1  -20986 

1-41092 

1-61248 

1-81404 

0-98204 

1-39806 

1-86408 

2-33010 

2-79611 

8-26213 

3-72815 

4-19417 

0-82877 

0-40815 

0-65754 

0-82192 

0-98680 

1-15069 

1-31507 

1-47946 

0-48484 

0-72726 

0-96968 

1  -21210 

1-45452 

1-69604 

1-98986 

2-18178 

0-69565 

1-04848 

1-30130 

1-73918 

2-08696 

2-43476 

2-78261 

3-13043 

020015 

0-31378 

0-4ia80 

0-52288 

0'6274fi( 

0-78208 

0-88660 

0-94118 

0-20600 

0-31085 

0-41860 

0-51725 

0-62070 

0-72415 

0-82760 

0-93105 

O'SSOOO 

0-87500 

0-50000 

0-62500 

0-75000 

0-87500 

1-00000 

1  -12500 

0-6B762 

0-94148 

1-S6524 

1-56905 

1-88886 

8rl9667 

2-51048 

282429 

0-4M67 

0-64000 

0-85333 

1 

1-06667 

1-28000 

1-40888 

1-70666 

1-92000 
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TABTiFi  IV 

TH^nwnfi, 

Found. 

Sooghtk 

1 

OxjgenL 

Oxide  of  copper 

Oxygen 

0-20161 

CuO 

0 

Pxotozid^  of  iron 

Oxygen 

0-22222 

FeO 

0 

Seaqnioidde  of  iron 

Oxygen 

0-80000 

Fe,  0« 

0, 

Oxide  of  lead 

Oxygen 

0-07175 

PbO 

0 

1 

Lime 

Oxygen 

0-28571 

GaO 

0 

Magnesia 

Oxygen 

0-80970 

MgO 

0 

■ 

Protoxide  of  manganese 

Oxygen 

0-22586 

MnO 

0 

Protosesquioxide  of  manganese 

Oxygen 

0-27947 

Mn  0  +  Mn,  0, 

O4 

Sesquioxide  of  manganese 

Oxygen 

0-80880 

Mn,  0, 

•   Oa 

Suboxide  of  merooiy 

Oxygen 

0-08846 

Hg.  0 

0 

• 

Oxide  of  mercury 

Oxygen 

0-07407 

HgO 

0 

• 

Protoxide  of  nickel 

Oxygen 

0-21388 

NiO 

0 

Potassa 

Oxygen 

0-16983 

KG 

0 

Silicic  add 

Oxygen 

0-53883 

SiO, 

0, 

Oxide  of  silver 

Oxygen 

0-06898 

Ago 

0 

Soda 

Oxygen 

0-25810 

Na  0 

0 

Strontia 

Oxygen 

0-16469 

SrG 

0 

Binoxide  of  tin 

Oxygen 

0-21833 

SnOa 

Oa 

Water 

Oxygen 

0-88889 

HO 

0 

Oxide  of  zinc 

Oxygen 

0*19740 

ZnO 

0 

PfaoBphoms. . 

Phosphoric  acid 
PG. 

Phosphorus 
P 

0-48662 

Pyrophosphate  of  magnesia 

Phosphoric  add 

0-63964 

2  Mg  0,  P  0. 

POft 

Phosphate  of  sesquioxide  of  iron 

Phosphoric  acid 

0*47020 

Fea  Ga^  P  G» 

P0» 

Phosphate  of  siWer 

Phosphoric  add 

0-16949 

8  Ag  0,  P  0. 

PO. 

Phosphate  of  sesquioxide  of  uranium 

Phosphoric  add 

0-19910 

2  Ur,  Oa,  P  Oft 

PO. 

Pyrophosphate  of  silver 

Phosphoric  add 

0-23487 

Fotaasium... 

2  Ag  0,  P  0. 
Potassa 

POa 

Potassium 

0-88018 

KG 

K 

Sulphate  of  poiilasa 

Potassa 

0*64060 

K  0,  S  Oa 

KO 

TABLE  IT. 
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3 

8 

4 

6 

6 

7 

8 

9 

0-40dQ3 

0-60453 

0-80604 

1-00756 

1-20907 

1-41058 

1-61209 

1-81860 

0*44444 

0.66667 

0-88889 

1-11111 

1-33333 

1  -65555 

1-77778 

2-00000 

0-60000 

0-90000 

1-20000 

1-60000 

1-80000 

2-10000 

2-40000 

270000 

014350 

0-21525 

0-28700 

0-35874 

0-43049 

0-50224 

0-57399 

0-64574 

0-67143 

0-85714 

1-14286 

1  -42857 

1-71429 

2-00000 

2-28571 

2-57148 

0-79939 

1-19909 

1-59879 

1-99849 

2-39818 

2-79788 

8  19758 

3-59727 

0-45070 

0  67606 

0-90141 

1-12676 

1-35211 

1  -57746 

1-80282 

2-02817 

0-55895 

0-83843 

111790 

1-39738 

1-67686 

1-95633 

2-23581 

2-51528 

0-00759 

0-91139 

1  -21519 

1  -51899 

1-82278 

2-12658 

2-43038 

2-73417 

0-07692 

0-11539 

015385 

019231 

0-23077 

0-26928 

0-30770 

0-84616 

0-14815 

0-22222 

0-29630 

0-37087 

0-44444 

0-51852 

0-59259 

0-66667 

0-42667 

0-64000 

0-85333 

1-06667 

1-28000 

1-49333 

1  -70667 

1-02000 

0-33964 

0-50946 

0-67928 

0-84910 

1-01892 

1-18874 

1-35856 

1  -52838 

106667 

• 

1-60000 

2-13333 

2  00667 

3-20000 

3-73333 

4-26067 

4-80000 

0-13796 

0-20694 

0-27592 

0-34490 

0-41388 

0*48286 

0-65184 

0-62082 

0-51621 

0-77431 

1  -03242 

1  -29052 

1-54863 

1-80673 

2-06484 

2-32294 

0-30918 

0-46377 

0-6ia30 

0-77295 

0-02753 

1-08212 

1  -23671 

1-39130 

0-42667 

0-64000 

0-85333 

1-06667 

1-28000 

1-49333 

1-70667 

1-92000 

177778 

2-66667 

3-55550 

4-44445 

5-33333 

6-22222 

7-11111 

8-00000 

0-39480 

0-59230 

0-78960 

0-98700 

118440 

1-88180 

1  -57920 

177660 

0-87324 

1-30986 

1-74648 

2-18309 

2-61971 

3-05633 

3-49295 

3-92957 

1-27928 

1-91892 

2-55856 

319820 

3-83784 

4-47748 

5-11712 

575676 

0-94040 

1-41060 

1-88080 

2-35099 

2-82119 

3-29139 

3-76159 

4-23179 

0-83898 

0-50847 

0-67796 

0-84745 

1-01694 

1-18643 

1-35592 

1-52541 

0-89821 

0-59731 

0-79641 

0-99551 

119462 

1-39372 

1  -59282 

1  -79192 

0  46874 

0-70311 

0-93748 

1  -17185 

1-40622 

1-64059 

1  -87496 

2-10938 

1-66036 

2-49054 

3-32072 

4-15090 

4-98108 

5-81126 

6-64144 

7 -4716a 

1-08161 

1-62241 

2-16321 

2-70402 

3-24482 

8-78663 

4-32643 

4-86723 

618 


TiiBLS  lY. 


TABI«B  IV 


Bleaienta. 

Fotuid. 

Sougbtk 

1 

PotanaiTini  . . 

Ghl(Ndde  of  potMnnm 

Potasatua. 

0'&M45 

KCl 

K 

Chlorida  of  polMaitun 

Potaaaa 

a-csns 

KOI 

KO 

PotaasiQ-bichloride  of  platmom 

Potaaa» 

ikVm2 

K  CI,  Pt  CU 

KO 

Potafisio^faiohloride  of  platinum 

Chleicide  of  potaannm 

a-d0507 

K  CI.  Pt  CU 

KG! 

SiliooiL^.... 

Silicic  aoid 

Silicon 

&4M67 

SiO, 

Si 

surer. 

GMoridiB  of  silver 

SUvec 

0*76376 

AgCl 

Ag 

Chloride  of  ailTer 

Oade  ef  biItoi 

0-S0B54 

AgCl 

Ago 

SodJom. 

Soda 

Sodium 

^•74100 

NaO 

Na 

Sulphate  of  aoda 

Soda 

l^4a«68 

Na  0,  8  0, 

NaO 

Chloride  of  Bodiam 

Soda 

0'SaG2Sk 

NaCl 

Na  0 

Chloride  of  Sodinm 

Sodium 

e-aa^? 

NaCl 

Na 

Garfoonate  of  soda 

Soda 

a-58487 

Na  0,  C  0, 

NaO 

Btrontitim. . . 

Strontia 

Steontium 

0*84541 

SrO 

Sr 

Sulphate  of  stxontia 

Strontia 

0*5640$ 

Sr  0,  S  O3 

SrO 

Carbonate  of  stxontia 

Strontia 

Q -70160 

Sr  0,  C  0, 

SrO 

Solpkur. .... 

Sulphate  of  baiyta 

Sulphur 

013784 

Ba  0,  S  0, 

S 

TetBulphide  of  aiBenio 

Sulphur 

0-30034 

As  Ss 

S, 

Sulphate  of  baiyta 

Sulphuric  add 

0*84385 

Ba  0,  S  Oa 

SO, 

Tia 

Binoxide  of  tin 

Tin 

0-78667 

SnOi 

Sn 

^noxide  of  tin 

Protoxide  of  tin 

0*80383. 

SnO, 

SnO 

Eina 

Oxide  of  rino 

Zino 

0-8096a 

ZnO 

Zn 

Sulphide  of  sino 

Oxide  of  ziso 

0-88615 

ZuS 

ZnO 

Sulphide  of  zino 

Zino 

Ol-OTOSI 

ZnS 

16a 

[ 
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% 

8 

4 

B 

• 
3-14669 

7 

8 

0 

1-04890 

1-67385 

2-09780 

2-62225 

3-67114 

4-19659 

4-72004 

'  1-96346 

1-89519 

2-52692 

3-15865 

3-79037 

4-42210 

5-05388 

5-68556 

^•88545 

0-&7817 

0 -77000 

0-96862 

115634 

1-34907 

1  -54179 

1-78452 

0-61015 

0-91522 

1-22030 

1-52537 

1-88044 

2-18552 

2-44050 

2-74567 

0-98383 

1-40001 

1-86667 

2-33333 

2-80000 

8-26667 

3-73383 

4  20000 

1-50552 

2-25828 

8-01104 

8-76880 

4-51656 

6-26982 

6  02208 

6*77484 

1-61708 

2-42562 

8-23416 

4-04270 

4-86124 

6-65978 

6-46832 

7-27686 

1 -48379 

2-22569 

2-96758 

3-70948 

4-45187 

6-19327 

5-98616 

6-67706 

0-87316 

1-30975 

1-74633 

2-18201 

2-61949 

3*05607 

8*49265 

3^2924 

1-06048 

1-59065 

2-12086 

2-65108 

3-1&130 

8-71151 

4-24173 

4-77194 

0-78678 

1-18009 

1  -57346 

1-06683 

2-30019 

2-76356 

3-14692 

3-64029 

1  16974 

1-75460 

2-33947 

2-92434 

3-50921 

4-00407 

4-67894 

5  26381 

1-69082 

2-53623 

8-38164 

4-22706 

5-07247 

5-91788 

6-76820 

7-60870 

112807 

1-69210 

2-25618 

2-82017 

3-38420 

3-94828 

4-51226 

5-07680 

1-40339 

2-10508 

2-80678 

8-50848 

4-21017 

4-91186 

5 -61^56 

6-31526 

0-27468 

0-41202 

0-54936 

0-68670 

0-82403 

0*96187 

1  -09871 

1-23605 

0-78049 

117073 

1-56097 

1-95122 

2-34146 

2-73170 

3-12194 

3-51219 

0-68670 

1-03004 

1-37889 

1  -71674 

2  06009 

2-40344 

2-74078 

3-09013 

1-57833 

2-36000 

3  14667 

3-98383 

4-72000 

5-50667 

6-29334 

7-08000 

1-78667 

2-68000 

3-57388 

4-46667 

6-86000 

6-26833 

714666 

8-04000 

1-60520 

2-40780 

3*21040 

4-01800 

4-81560 

5-61820 

6-42080 

7-22840 

1-67031 

2-50046 

3-84062 

417677 

6-01092 

5-84608 

6-68123 

7-51639 

1-34061 

2-01092 

2-68128 

8-85164 

4-02184 

■  4-69215 

6-86246 

6-03276 
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TABLES    V. — VI 


TABLE  V, 


8PBCIFI0  ORATITT  AKD  ABSOLUTE  WEIGHT  OF  SEVEBAL  GASE8. 


Atmosplierio  air 

Oxygen 

Hydrogen, 

Water,  vapor  of 

Carbon,  vapor  of . . . . 

Carbonic  acid , 

Carbonic  oxide 

Marsh  gas 

Elayl  gas  

PfaoRphoms,  vapor  of. 

Sulphur,  vapor  of 

HydroBulphuric  acid. , 

Iodine,  vapor  of. 

Bromine,  vapor  of.. . . 

Chlorine 

Nitrogen •. . . 

Ammonia. 

Cyanogen. 


Bpoolflc  gnvity,  atmoe- 
pheric  air  =  1-0000. 


1-0000 
1-10882 

0  0(5927 
0-62343 
0*83124 
1-52394 
0-96978 
0-55416 
0-96978 
4-29474 
6-64992 
1-17759 
8-78898 
6-58952 
2-45681 
0-96978 
0-58879 

1  -80102 


1  litre  (1000  cubic  oenti- 

metres)  of  gas  at  0^  and  O'TC 

motro  bar.  pressure  weighs 

graminea. 


1-29366 
1-43379- 

0  08961 
0-80651 
1-07534 
1, -971 46 
1-25456 
0-71689 
1-25456 
5-55593 
8-60273 
1-52340 

11-36995 
7-16625 
3-17763 

1  -25456 
0-76169 
2-32991 


TABLE  VI. 

OOMPABISOK   OF    THE   DEQRERS   OF    THE   MERCURIAIi    THERMOHETEB  WITH 

THOSE   OP   THE   AIR  THERMOMETER. 


Accordmg  to  Magntts. 


De^  see  of  the  mercurial  Degrees  of  tho  air 

thermometer.  thermomelcr. 

100 100-00 

150 148-74 

200 197-49 

250 245-39 

800 294-51 

S90 820i» 


EDITOE^S  APPElin^IX. 


CORRECTION  OF  THE  VOLUME  OP  GASES. 

Dr.  Gibbs'  method  of  finding  at  once  tlis  toted  correction  for  tempered 
lure,  pressure^  and  moisture  in  absolute  determinations  of  nitrogen^  or 
other  gases  :. — *  , 

"  I  take  a  graduated  tube,  which  I  fill  with  mercury,  then  displace 
about  two-thirds  of  the  mercury  with  air,  and  invert  the  tube  into  a  cis- 
tern of  mercury.  Then  I  make  four  or  five  determinations  of  the  volume 
of  the  included  (moist)  air  in  the  usual  manner,  and  find  the  volume 
of  the  air  at  0°  and  760""  as  a  mean  of  all  the  determinations.  This 
tube  I  call  the  companion  tube,  and  it  always  hangs  in  tlie  little  room 
I  use  for  gas  analyses.  Suppose  the  volume  of  (dry)  air  at  0°  and  760°"° 
is  132.35  c.c. 

^^  Now,  in  making  an  absolute  nitrogen  determination  I  collect  the 
nitrogen  moist  over  merciiry  in  a  graduated  tube,  and  then  suspend  the 
measuring  tube  by  the  side  of  the  companion  tube.  I  then  by  a  cord 
and  pulley  bring  the  level  of  the  mercury  in  the  two  tubes  to  correspond 
exactly,  and  then  i*ead  off  the  volume  of  air  in  the  companion  tube  and 
the  volume  of  nitrogen  in  the  measuiing  tube.  I  ought  to  have  stated 
that  the  two  tubes  hang  in  the  same  cistern  of  mercury.  Suppose  the 
volume  of  air  in  the  companion  tube  to  be  143  c.c. ;  then  the  total  cor- 
rection for  temperature,  pressure  and  moistiire  will  be  143 — 132*35  = 
10*65  c.c.  llie  correction  for  the  nitrogen  will  then  be  found  by  Rule 
of  Three.  As  the  observed  volume  of  air  in  the  companion  tube  is  to 
^the  o^erved  volume  of  nitrogen,  so  is  (in  this  case)  10*65  to  the  re- 
quirea  correction.  In  this  way,  when  the  volume  of  air  in  the  com- 
panion tube  is  once  found,  no  further  observations  of  temper atwre,  pres- 
sure, or  height  of  mercury  above  the  mercury  in  the  cistern  are  necessai*y. 
The  companion  tube  lasts  for  an  indefinite  time.  I  have  even  used  it 
filled  with  water,  without  any  appreciable  change  in  some  weeks,  but  I 
prefer  mercury.  As  the  two  tubes  hang  side  by  side,  there  is  never  an 
appreciable  difference  of  temperature.  My  results  are  most  satisfactory. 
Williamson  k  Russell  have,  as  you  know,  used  a  companion  tube 
for  eqiuUing  pressures^  but  not  for  finding  the  total  value  of  the  tem- 
perature and  pressure  correction  at  once  ;  and  I  believe  that  my  process 
IS  wholly  new.  Certainly  it  is  wonderfully  convenient,  and  saves  all 
tables  and  labor  of  computation." 

ASSAY  OF  CHROMIC   IROK. 

Mix  the  pulverized  ore  in  a  platinum  vessel  with  three  parts  of  pul- 
verized and  pure  cryolite ;  upon  the  top  of  the  mixture  place  twelve 

*  Private  commnnicatioii. 
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]>art8  of  bisulpbate  of  potassa,  or  of  soda ;  heat,  cautiously  at  first,  to 
fusion,  for  fifteen  minutes;  digest  the  cold  fused  mass  with  a  litUe 
strong  hydrochloric  acid,  for  ten  minutes — (so  far  Gibbs  and  Clarke, 
Am,  JTowi*.  Sci.j  2d  ser.,  xlv.,  178);  add  a  few  drops  of  alcohol  to 
reduce  any  chromic  acid  ;  dilute  with  water,  and  add  cautiously  chloride 
of  barium  until  all  sulphuric  acid  is  precipitated.  Filter :  concentrate 
the  filtrate  to  a  small  bulk  in  a  porcelain  capside ;  add  (according  to 
Storer  and  Pearson,  Am,  Jour,  /Sa.,  2d  ser.,  xlviiL,  pp.  198-200) 
nitric  acid  and  crystals  of  chlorate  of  potash,  and  maintain  the  heat 
(covering  the  capsule  with  an  inverted  funnel)  until  the  chromium  is  aU 
oxidized  to  chromic  acid  ;  add,  if  needful,  more  chloride  of  barium,  tc 
convert  the  chromic  acid  into  chromate  of  barium ;  evaporate  off  the 
great  excess  of  acid ;  dilute.  Allow  the  precipitate  to  subside ;  decant 
the  clear  liquid  into  a  filter  ;  wash  the  precipitate  by  decantation 
with  solution  of  acetate  of  ammonia,  finally  transferring  it  to  the  filter  ; 
dry ;  ignite  gently  apart  from  the  filter,  and  weigh  &e  chromate  of 
baryta. 

Note. — The  above  scheme,  as  yet  untried  by  the  Bdltor.  is  simply  proposed 
as  an  attempt  to  combine  the  best  points  in  the  two  valuable  communicatiomi 
referred  to.  with  a  view  to  make  a  rapid  method  for  estimating  chromtiun  in  iti 
ore.  The  observation  of  Storer  and  Pearson  in  the  paper  above  cited  (p.  iiOO| 
paragraph  v.),  promises  a  still  better  method,  which  deserves  elaboration. 

SEPARATION   OF   PHOSPHOI^IC  ACID    PROM  LIME,   ALUMINA,  AND   OXIDE  09 

LIME. 

Tn  absence  of  sulphuric  acid,  Brassier  (Ann,  Chim.  Phys,  [4]  viL, 
355)  dissolves  the  phosphates  in  hydrochloric  acid,  adds  ammonia  in 
excess,  and  re-dissolves  the  precipitated  phosphates  by  additions  of  citric 
acid,  keeping  the  liquid  ammoniacal.  From  the  solution  thus  obtained, 
the  phosphoric  acid  is  thrown  down  by  chloride  of  magnesium,  as  pure 
ammonio-magnesian  phosphate.  Since  the  latter  is  sensibly  soluble  in 
citrate  of  ammonia,  the  citric  acid  solution  should  be  added,  drop  by 
drop,  avoiding  an  excess.  The  chloride  of  magnesium  should  be  free 
from  sulphuric  acid,  otherwise  sulphate  of  lime  would  also  be  precipi- 
tated. It  is  to  be  expect<}d  that  the  results  will  fall  out  too  low  in 
presence  of  much  iron  or  alumina  (see  p.  276,  a),  but  the  method  is  very 
convenient  for  the  analysis  of  bone-black  and  many  native  phosphates. 
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Acetic  Acid  (reagent),  see  Qual  And. 

table  of  specific  giavitj 401 

Acidimetiy 487 

Air,  analysis  of  atmospheric 553 

Alcohol  (reagent),  see  QuaL  AnaJL 

Alkalimetry  498 

iUumina. 118 

basic  acetate 113 

formiate 113 

estimation 174 

hydrate ' 1 13 

separation  from  alkalies 350 

alkaline  earths 350 

sesqaioxide  of  chromium 354 

Ammonia  (reagent),  see  Qual,  Anal. 

arsenio-molybdate , 189 

carbonate  (reagent),  see  Qual.  Anal. ,  and 88,  90 

estimation 156 

molybdate  (reagent),  see  Qival,  Anal. 

nitrate  (reagent) 91 

oxalate  (reagent),  see  Qfial.  Anal. 

phospho-molybdate 143 

separation  from  other  alkalies 341 

succinate  (reagent) 8 

table  of  specific  gravity  of  solutions. 498 

Ammonium,  chloride 105 

(reagent),  see  Qtial.  Anal^  and 87,  91 

sulphide  (reagent),  see  QtuiL  Anal 

Analysis,  gravimetric 1 

quantitative 1 — 5,  40 

volumetric 2,  80 

Antimony ^ 136 

antimoniate  of  teroxide  (antimonious  acid) 136 

estimation 341 

separation  from  bases  of  g^nps  L  — Y 387 

other  metals  of  group  YI 897 

sulphides 135 

teroxide,  separation  from  antimonic  acid. 403 

AnvU 84 

Aqua  regia  (reagent),  see  Qual.  Anal. 

Araenic,  estimation 249 

separation  from  bases  of  groups  I. — ^Y 388 

other  metals  of  group  YI. 897 

tersulphide .- 138 

Aisenious  acid  (reagent) 96 

and  arsenic  acids,  separation  from  each  other 899 

other  acids  of  gfroup  I . . . .  403—  408 
Azotometer 159 
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Balance 9—14 

Barium  chloride  (reag^t) ^ 

siliooflnoride 107 

Baiyta  (reagent) ^ 

acetate  (reagent) ^ 

carbonate .* 107 

(reagent),  see  Quak  Anal,  and ^ 

estimation .    •  •    1^ 

hydrate  (reagent) 90 

separation  from  alkalies ^^ 

other  alkaline  earths ^^ 

sulphate 106 

Baths,  air- 38 

paraffin- ^  40 

water- 37,  49 

Bismuth  basic  nitrate 133 

carbonate 133 

chromate 133 

estimation 332 

separation  from  base  of  groups  L — tV 375 

other  bases  of  group  V 379 

teroxide 131 

tersulphide 132 

Bone  black,  analysis S50 

dust,  analysis ^'^ 

Boracic  acid,  estimation. 379 

separation  from  bases 381 

other  acids  of  group  1 403—408 

Bromine,  estimation  of  H  Br 309 

free 311 

separation  from  acids  of  group  I 409 

chlorine  and  iodine. . , 412 — 417 

metals 311 

Bunsen  burner ^0 

Bunsen^s  pump •  J^O,  i9 

Burettes 27—452 

Cadmium  carbonate 133 

estimation *3o 

oxide 1 33 

separation  from  bases  of  g^roups  I. — FV 3<5 

other  bases  of  group  V 379 

sulphide 133 

Calcium  chloride  (reagent),  see  Qual.  Anal ,  and 89,  100 

fluorilo J^5 

Calculation  of  acalyscs *J?^ 

tables  for Wm 

Carbonic  acid  estimation ^2 

separation  from  bases •     ^7 

other  acids  of  group  L 402—408 

Chloric  acid  estimation 335 

separation  from  other  acids 41a 

Chlorimetry r ^2? 

Chlorine  (reagent),  see  QiiaL  Afuil.,  and 91 

estimation  of  H  CI 304 

of  free 307 

separation  from  acids  of  group  I •  •  •    j^ 

bromine  and  iodine .414—41(1 

metals. ••     300 

Chromic  add  estimation rj?  | 

separation  from  bases •  ••     *^ 

other  acids  of  group  L f  "«2i 

iron,  analysifl < 865—021 
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Chromium,  sesqaionde 114 

estimation 176 

seporatioii  from  alkalies. 350 

alkaline  earths 354 

alumina 354 

hydrated '. 114 

Clip 28 

Cobalt 120 

estimation 189 

hydrated  protoxide IIU 

protoxide 120 

separation  from  alkalies 355 

alkaline  earths 356 

bases  of  group  III 350 

other  bases  of  group  IV 350 

sesquioxide 120 

and  potassa,  nitrite 121 

sulphate 120 

sulphide , 120 

Compression -cock 28 

Cone,  platinum 70 

Copper 120 

(reagent) 09 

estimation 225 

in  ores 525 

oxide 1 20 

(reagent) 96 

separation  from  bases  of  groups  I. — IV 375 

other  bases  of  group  V 370 

suboxide 131 

subsulphide 131 

Bubsulphocyanide 131 

sulphide 130 

Crucibles,  platinum 63 

Crucible  tongs 65 

Cupellation 580 

Cyanogen  estimation 316 

separation  from  acids  of  group  1 4QQ 

chlorine,  bromine,  and  iodine ^  449 

metahj 317 

Cylinder,  graduated 28 

Decaktation 55 

and  filtration. 60 

Decinormal  solutions 77 

Desiccators 36 

Determination  of  bodies 148 

Dolomite  analysis 518 

Drying 34-40 

of  filters 62 

of  precipitates 61 

-tube,  Liebig's 38 

Elements  considered  in  this  work. 5 

Elutriation 3:^ 

Equivalents,  table  of 603 

of  organic  bodies,  determination 452 

Erdmann*s  float. 30 

Estimation  of  bodies. 140 

Ether  (reagent) 83 

Evaporation , 40 — 53 

Exercises 5(J4 

ExperimentB 581 
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Ferricyanogen  estimation 819 

separation  of  Hj  Cfdy  from  H  CI 417 

Ferrocyanogen  estimation. 319 

separation  of  Ha  Ofy  from  H  CI 417 

Filter-a»h  estimation 03 

paper 66 

patterns 56 

stands , 57 

Filtration 55—59 

Bunsen's  rapid  method 6G,  79 

Fluorine  estimation 284 

separation  from  acids  of  group  1 402—408 

metals 284 

Formulae  empirical 4G8 

rational 471 

Funnels 56 

Gold 134 

assay 

estimation • 237 

separation  from  bases  of  groups  I. — ^V 887 

other  metals  of  group  VI 397 

tersulphide 134 

Ouano,  analysis 545 

Gunpowder,  analysis 514 

residues,  analysis 411 

Hydr IODIC  acid,  see  Iodine. 

Hydrobromic  acid,  see  Bromine. 

Hydrochloric  acid  (reagent) 84 

table  of  sp*  gr.  of  solution. 489 

see  Chlorine. 
Hydrocyanic  acid,  see  Cyanogen. 

Hydrofluoric  acid  (reagent) 85 

see  Fluorine. 
Hydrofluosilicic  acid  (reagent),  see  Qu/il.  Anal 

estimation 269 

Hydrogen  gas  (reagent) 91 

Hydrosulphuric  acid  (reagent),  see  Qual.  Anai, 

see  Sulphur. 

Hydrosulphurous  acid,  estimation 203 

Ignition  of  precipitates 02 — 66 

Bnnsen's  new  method '77 

residues  on  evaporation 53 

Iodic  acid  estimation 303 

Iodine  (reagent) 94 

estimation  of  HI 31 1 

free 313 

separation  from  acids  of  gfroup  1 409 

chlorine  and  bromine 414 — 416 

metals 313 

Iron,  analysis  of  cast  and  wrought 530 

separation  from  alkalies 855 

alkaline  earths 857 

bases  of  group  III 859 

other  bases  of  group  IV 859 

Iron,  sesqnichloride  (reagent),  see  Qual.  Anal. 

■Qsqaloodde 131 

arseniate • 180 

basic  acetate ...• ••  133 

basic  formiate 133 

basic  phosphate 140 
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Iron,  sesqaiozide  estimation. 100 

hydrate 121 

succinate 123 

and  ammonio-snlphate  (reagent) 08 

ores,  analysis 524 

protoxide,  estimation 102 

and  ammonia,  sulphate  (reagent) 08 

separation  from  sesquioxide 868 

sulphate  (reagent),  see  QudL  Anal. 

sulphide 122 

Lead,  acetate  (reagent),  see  Qudi  Anal 

aiseniate 137 

carbonate 125 

chromate 140 

(reagent)   , 07 

estimation 216 

oxalate 126 

oxide  , 126 

I                                           (reagent) 87 

phosphate 140 

separation  from  bases  of  groups  I. — IV 375 

other  bases  of  group  V 370 

sulphate 126 

sulphide 127 

ijevigation 3S 

Lime  (reagent) 86 

carbonate 100 

chloride,  valuation 504 

estimation 168 

oxalate 100 

separation  from  alkalies 344 

other  alkaline  earths 346 

.    -stone,  analysis 518 

sulphate 108 

superphosphate,  analysis 548 

Lithia,  estimation 101 

separation  from  other  alkalies 342 

Litmus,  tincture 02 

Jjoss  and  excess,  &c 4(56 

Magnesia 112 

and  ammonia,  arseniate 138 

phosphate Ill 

basic  phosphate 140 

estimation 171 

-mixture 80 

pyrophosphate Ill 

separation  from  alkalies ; 344 

otter  alkaline  earths 347 

sulphate Ill 

(reagent),  see  Qual  Anal 

BCaJiganeFe,  ammonio-phosphate 118 

binoxide 117 

valuation  of  commercial 508 

carbonate , 116 

estimation 182 

hydrated  protoxide 117 

pyrophosphate 118 

protosesquioxide 117 

separation  from  aJkalies 856 

alkaline  earths 857 

bases  of  group  III 859 


638  INDEX. 

ManganeAOv  separation  from  other  bases  of  groap  IV 359 

sulphide Ill 

Manures,  analysis 543 

Marls,  analysis , 818 

Measuring  of  liquids 22—82 

of  gases 10-22 

flasks 22 

tubes  for  gases 1^ 

Meniscus,  error  of 21 

Mercury. 127 

chloride  (reagent),  see  Qual.  Anal. 

oxide 129 

estimation .r 222 

separation  from  suboxide 379 

separation  from  bases  of  groups  T.  — lY , 3'/5 

other  bases  of  group  V 379 

Bubchloride 128 

suboxide,  estimation 220 

sulphide 128 

Moisture 34 

Molybdic  acid,  estimation 255 

Mortar,  agate 33 

steel 32 

Nickel,  estimation 187 

protoxide 119 

hydrate 118 

aeiMuration  from  alkalies 355 

alkaline  earths 356 

bases  of  group  III , 359 

other  bases  of  group  IV 359 

sesquioxide 119 

sulphide,  bydrated 119 

Nitric  acid  (reagent) 84 

estimation 328 

separation  from  bases 328 

other  acids. , 41 8 

table  of  specific  gravity  of  solution 490 

Nitrogen  gas 106 

Dr.  Gibbs^  method  of  measuring 621 

Nitrous  acid,  estimation 203 

Normal  solutions 80 

Organic  ANAiiYSis,  sec  Table  of  Contents xiii 

bodies,  determination  of  equivalent  of 452 

Oxalic  acid  (reagent) 92 

estimation 282 

separation  from  bases. * 283 

other  acids  of  group  1 402 — 408 

Oxygen  gas  (reagent) 97 

Palladium,  estimation 236 

prctiodide 147 

sodio-protochloride  (reagent),  see  Qual.  Anal 

Phosphoric  acid,  estimation 269 

separation  from  bases  275 — 622 

other  acids  of  group  I 402 — 408 

Pinchoock 28 

Pipette ^ 125 

Platinum 134 

ammonio-bichloride • •• lOE 

bichloride  (reagent),  see  Qual.  Anal 

bisulphide 134 
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Platinum  efltimation 2iM^ 

'                 potaKsio-bichloride • . .  1 0^^ 

separation  from  boAes  of  groups  I.— V , 387 

other  metals  of  gi'oup  VI 307 

sodio-bichloride , , 105 

Potash  (reagent) 80,  »!) 

and  soda,  carbonates  (reagent),  see  Qu/rl.  AnaL 

bichromate  (reagent)  see  QtutL  AnaL  and 100 

bisulphate 102 

(reagent) 00 

-bulbs,  Liebig's 42i"> 

estimation • 151 

nitrate  (reagent),  see  QuM.  Av/iL 
nitrite  (reagent),  see  Qual  Anal. 

permanganate  (reagent) 03 

separation  from  other  iilkalies 330 

sulphate , 102 

(reagent),  see  Qufrl.  AnriL 

table  of  specific  gravity  of  solution 407 

Potassium,  borofluoride 144 

chloride 103 

cyanide  (reagent),  see  QuaL  Anal 

iodide  (reagent) 05 

Powdering 32 

Precipitation 53 

Salt,  analysis  of  common 514 

Bample,  selection  of 31 

Selenic  acid,  separation  from  sulphuric  acid,  see  Note 403 

8eleniou<i  acid,  estimation 301 

Separation  of  bodies 337 

Fe  0.,  Al.O,.  Mn  O,  Ca  O,  Mg  O,  K  O,  and  Na  0 370 

Sifting 33 

Silica 145 

estimation 200 

hydrated 145 

separation  from  other  acids  of  group  1 403-408 

bases 200 

Silicates,  analysis  of  native 516 

Silver 134 

(reagent) SNV 

bromide, 140 

chloride 124 

cyanide .' 125 

estimation 2(X1 

in  galena fi'2S 

iodide 147 

nitrate  ( reagent \  see  QunL  An*d. 

phosphate,  tribasic 1 43 

separation  from  bases  of  groups  I. — IV 375 

other  bases  of  group  V 370 

sulphide 125 

Soda  (reagent) 86 

acetate  (reagent),  see  Qual,  Ai,dL 

biborate  (reagent) 00 

bisulphate 104 

bisulphite  (reagent),  see  Qual,  Anal. 

carbonate 104 

(reagent) ^H  .^. 88,  00 

estimation .\ 154 

hyposulphite  (reagent) 88 

-Ume  (reagent) 98 

nitrate  (reagent)  see  Qual.  AnaL 
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Soda  phosphnte  (reagent),  see  Qital.  AndL 

separation  from  other  alkalies 380 

salphate IM 

table  of  specific  gravity  of  solution 497 

Sodiam,  chloride 104 

(reagent) 95 

sulphide  (reagent),  soe  Qttal  Anal, 

Solution 40 

Standard  solutions 80 

Steel,  analysis 5*10 

Strontia,  carbonate lOH 

estimation 10(» 

separation  from  alkalies 844 

other  alkaline  earths 340 

sulphate 108 

Strontium,  chloride  (reagent) 89 

Sulphur,   estimation  of  H   S 321 

separation  of  H  S  from  adds  of  group  I... <00-41 1 

hydrochloric  acid 418 

from  metals 323 

Sulphuric  acid  (reagent),  see  QtcaL  AnnL 

estimation 264 

separation  from  bases 268 

other  acids  of  group  I ,402-408 

table  of  specific  gravity  of  solutions 488 

Sulphurous  acid,  estimation 263 

Superphosphate,  analysis 548 

Synopsis  of  the  work A 

TATiTAnic  ACID  (reagent),  see  Qual.  Anal 

Tm,  binoxide 136 

phosphate 1 42 

separation  from  protoxide 897 

estimation 245 

•    hydrated  bi8ui])hide 137 

protoKulphide 137 

protochloride  (reng-ent),  .see  Qual  AtuiL 

separation  from  bawcH  of  groups  I. — V 387 

other  metals  of  group  VL 397 

Titanic  acid,  estimation 178 

Triangle,  platinum 04 

UUA^IUM,  estimation 205 

separation  from  bases  of  groups  I. — IV 873 

sesquioxide,  acetate  (reagent) 89 

phosphate 142 

Vapor-density,  determination 453 

WASITTNG-nOTTIiEfl 60 

of  precipitates 59 

Watch -glaf«eH,  clasp  for 37 

Water,  analysis  of  fresh 483 

distiUed m 

estimation  of 42 — 40 

Weighing 15-18 

off  of  substance 41 

of  residues  on  evuporation. ... 52 

Weights K 

Zinc  (reagent) 86 

basic  carbonate 114 


INDEX.  631 

PAOH 

Zinc  eiitimation i 170 

ores,  assay 5«M 

oxide 115 

separation  from  alkalies «T).'i 

alkaline  earths , 857 

bases  of  group  III 351J 

other  bases  of  group  IV 359 

mlpbide « 115 
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